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INTRODUCTION 
Thailand has a great need to increase milk yield from cattle and 
also meat from male calves. Most cattle are the draft type. Farmers 
have paid some attention to genetic improvement by crossing to the 
Brahman in the areas close to the livestock stations, extension services 
and Al stations which are mostly in the northeast. Farmers close to 
the AI stations have crossbred to dairy cattle from European breeds 
mostly in the central part and some areas in the northern part of the 
country. 
In 1961, the Thai-Danish Dairy Farm was established and served as 
a model dairy farm for training and demonstration to the farmers. Dairy 
farming was a new agricultural farm business for farmers at that time. 
Since then, the need for dairy cattle has increased as herd size was 
expanded for those farmers who wanted to convert from other agricul­
tural business to dairy cattle. 
The initial purposes of this study were to determine the additive 
genetic effects, heterozygotic effects and the magnitude from both 
effects on measures of reproduction and production traits of 10 breeds and 
breed crosses. The breeds are Red Danish, Brown Swiss, Jersey, Holstein, 
Sahiwal, Red Sindhi, India Milch, Zebu, Native and Brahman. The cross­
breeding system was not statistically designed. A complete analysis 
of the 10 breeds and their crosses could not be done. Breed additive 
and heterozygotic effects were confounded among themselves and with 
year-season. Three breed groups were formed- The groupings were Red 
Danish, Brown Swiss, Jersey and Holstein to be one group as European 
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breeds for improving milk production. Sahiwal, Red Sindhi and India Milch 
were the second group of milking cattle of Bos indicus origin from India 
breeds. Zebu, Native and Brahman were the last group of Local breeds. 
These three breed groupings of cattle are the most appropriate for 
currently practicing à crossbreeding program in Thailand. The purposes 
of this study were as follows: 
1. To determine the breed groups and their crosses which were 
the best for reproduction and production efficiency. 
2. To evaluate the additive genetic effects, specific heterozygotic 
and general heterozygotic effects on measures of reproduction and 
production traits among European, India and local cattle breed groups 
and their crosses. 
3. To determine whether straightbreds and crossbreds ranked dif­
ferently in the expression of their genetic potential on reproduction 
and production traits of the breed groups and their crosses. 
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LITERATURE REVIEW 
Breeders alter the characteristics of the populations by various 
kinds of selection and breeding systems (Lush, 1948). 
Falconer (1982) described two ways in metric characters which 
breeders can change the genetic properties of the populations: 
1) selection of individuals to be used as parents, and 
2) inbreeding and crossing for controlling the way in which the 
parents are mated. 
Selection 
Selection of livestock has not been practiced for so long a time 
as even the last 200 years. The selection process was, by nature, over 
10,000 years for man's cultural evolution, as indicated by cave paintings 
made by man 20,000 years ago. Probably cows produced only just enough 
milk for their calves in those early years. Resulting mostly from 
selection, a lactation of Holstein cows today produces 20,000 pounds of 
milk yield in the USA (Willham, 1985). 
The goal of selection is, in general, the improvement of progeny 
performance or Co maximize progeny performance (Pirchner, 1983). 
Selection is breeding from the best individual, whatever best may be. 
The simplest form of selection is to choose individuals on the basis 
of their own phenotypic value (Falconer, 1982). Selection in dairy 
cattle should be on traits that affect net returns. Many traits can 
justifiably be selected in dairy cattle. These include those directly 
saleable for food such as milk, its components and meat which are 
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called production traits, and management traits which are those that 
contribute to the ease or economy of food production such as repro­
duction, disease, milking rate and distocia (Freeman, 1976, 1984a). 
All traits should meet these criteria: 
1) contribute to economic value, 
2) be measured with enough accuracy to be useful, and 
3) have enough genetic differences between cows or progeny 
groups to make expected genetic improvement. 
Berger (1977) stated that selection in species of economic im­
portance among individuals usually involves many traits. The process 
of selection, both voluntary and involuntary, must ultimately reduce 
to the classification of individuals into one of two categories, those 
selected or culled. 
Inbreeding and Crossing 
The phenomenon of hybrid vigour or heterosis resulting from dif­
ferent gene pools or crosses between individuals from different popula­
tions or between inbred lines or between different races or variety 
forms are important means of animal improvement (Pirchner, 1983; 
Falconer, 1982). 
Inbreeding causes an increase in the frequencies of homozygous 
genotypes. The genetic consequence of inbreeding results directly 
from the increase of homozygous genotypes or decrease of heterozygous 
genotypes. In general, inbreeding tends to reduce fitness or reduction 
of the population mean (Falconer, 1982). 
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Willham (1970) stated that the individual consequence of cross­
breeding is the production of heterosis and the opportunity to combine 
genetic material from different sources for several traits into a com­
mercial animal. 
Crossbreeding for Dairy Cattle Improvement 
There is a potential increasing demand for milk and dairy products 
in the developing countries. In many situations, imports of dairy 
products makes a constant decline on foreign currency resources. Many 
developing countries are making a strong effort to improve domestic 
dairy production. They usually have "native cattle with low potential 
for milk yield. Importing cattle, or their semen, from temperate 
countries has been used intensively for dairy cattle improvement. 
Such cattle or semen has been used in many crossbreeding schemes or as 
purebreds. No question, the potential for milk yield of imported 
breeds from temperate countries is better, but on the whole, economic 
dairy merit also depends on the animal's ability to withstand the en­
vironmental stress, and under many situations, the temperate breeds 
have low reproductive efficiency or cannot even survive. Many re­
searchers indicated that in the humid tropics, the use of purebred 
cattle from temperate countries is not feasible; even so, it seems 
necessary to take advantage of crossbreeding for the improvement of 
fitness characteristics of dairy cattle in the humid tropics (Rende1 
and Hickman, 1978). 
Gregory et al. (1982) mentioned that the basic objectives of 
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crossbreeding are: 
1) to optimize the simultaneous use of both heterosis (nonaddi-
tive) and breed differences (additive effects of genes), 
2) to use additive genetic merit from breed differences to 
synchronize climate adaptability and performance charac­
teristics to the climatic, nutritive and disease-parasite 
environment, and 
3) to form a new breed or composite breeds based on different 
foundation breeds. 
McDowell (1982) summarized the objectives of crossbreeding as a 
system of mating for dairy production: 
1) to find out the theoretical and practical aspects of inter­
breed mating for marketing dairy production, 
2) • to compare the effectiveness of selection for rotational 
crossing and interbreeding of European and tropical breeds 
under warm climates, 
3) to determine the heterosis in growth rate and milk yield, and 
4) to compare the adaptability of purebreds and crossbreds for 
dairy production in warm climates. 
An F AO (1979) committee suggested that continuous crossbreeding 
programs for the humid tropics must be controlled on a regional and 
national basis to avoid using many breeds for crossing that cannot 
replace themselves. Rotational or criss-crossing from two or more 
breeds is advisable to compare the performance. New synthetic breeds 
from selection after crossbreeding is most suitable to continued 
performance. Economic value for continued crossing programs may 
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decline, then the retention and improvement of local breeds should be 
preserved for possible future use (FAO, 1979). 
Two breeding methods for improvement of dairy cattle in hot 
climates was suggested by Maule (1952): 
1) improve by selection from the best local breeds available 
without introducing any exotic breeds, but this is a long-
range program, and 
2) by crossbreeding between exotic and local breeds. 
Maule (1952, 1953) also described the methods of crossbreeding in 
humid tropics from the cross which would be: 
1) backcrossing females to European bulls (this lead to 
low reproductive efficiency and adaptability in 7/8 or 
higher grades), and 
2) backcrossing F^ females to Zebu bulls. These cattle are 
usually low in milk production, but can withstand the stress 
of humid tropics, 
3) criss-crossing by mating alternatively to sires of each 
breed, sometimes referred to as "up and down" grading, and 
4) inter-se mating of the F^ generation to produce F^'s. 
Cunningham (1979, 1981) proposed five strategies for livestock 
improvement in populations with poor infrastructure and adverse en­
vironments : 
1) improve within the local breed, 
2) top-crossing with European breeds to replace the local popula­
tion, 
3) a gene pool or synthetic breed formed by planned proportions 
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of the local and exotic blood. When the planned proportions 
have been achieved, then select among animals for inter-se 
mating, 
4) rotational crossing to achieve specific proportions of the 
local and exotic combinations while maintaining high levels 
of heterozygosity, and 
5) grading up to sires. 
The decision of which breeding plan in the above strategies is to 
be used and which leads to an adequate genetic model that maintains 
heterozygosity depends on the importance of heterosis in the superiority 
of the crosses, the additive differences between population and the 
interaction with environment variations (Cunningham, 1981). If 
heterosis is important, then one of the crossing systems should be 
used (Mason and Buvanendran, 1982). Rendel and Hickman (1978) and 
Hickman (1981) pointed out that crosses between temperate and tropical 
dairy breeds exhibit very considerable heterosis in the tropics. 
Alberro (1982) and McDowell (1984) have adapted the crossbreeding 
strategies of Cunningham (1979, 1981) to be six methods for dairy 
cattle improvement: 
1) two-breed criss-cross by using two purebred breeds in each 
generation, 
2) two-breed gene pool, when two breeds are crossed with selection 
followed by inter-se mating in the F^, then a new breed is 
started from the F^'s, 
3) two-breed gene pool with 75 and 25% mixture, by crossing two 
breeds for F^'s, backcrossing F^'s to either of the breeds, then 
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selecting offspring from the crosses for a new breed, 
4) three-breed gene pool with 50, 25, and 25% composites, 
by obtaining F^'s between two breeds, then mate this to the 
third breed, then selection is required for new breeds, 
5) criss-crossing of F^'s and pure European breed males (by 
creating F^'s from two purebreds, the females are backcrossed 
to one breed, then F^ bulls are used in the next generation 
and their female's progeny are again mated to the purebreds: 
this system used variable combinations between European and 
tropical breeds), and 
6) grading up to F^ sires. 
Hickman (1981) proposed three alternatives for breeding programs 
in adverse environments: 
1) improve local breeds, 
2) import high-producing stock and select for genetic improvement 
for adaptation to the new environments, and 
3) cross local and exotic breeds (criss-cross and rotational 
crossing). 
Another breeding method known as rauiprocal recurrent selection 
was pointed out by Hickman (1981) and could be a distinct advantage in 
breeding local breeds for crossing with exotic breeds. A large number 
of crosses must be made to build up the population in two lines. The 
best parents are selected based on their crossed line progeny performance 
and remated to their own lines to produce the next generation parents 
to be tested. The cross starts again between two lines and the cycle 
repeats. This is, however, a complicated breeding program that requires 
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well-developed facilities for handling cattle and/or semen. 
Madalena (1981) suggested three methods for crossbreeding in the 
humid tropics : 
1) continue crossbreeding Zebu females to European bulls to produce 
2) rotational crossbreeding females by alternatively mating to 
European and Zebu bulls, and 
3) maintaining a crossbred population to produce new breeds. 
Hayman (1972, 1974) described the development of the Australian 
Milking Zebu breed in three stages: 
First stage; 
Jerseys were chosen as the temperature breed which was considered 
as the best suited for the climatic stress in Australia. Crossbreeding 
programs were started as follows: 
1) Sahiwal and Red Sindhi males were mated at random to grade 
Jerseys to produce F^'s ; 
2) F^ males from top-producing Jersey females were used as sires; 
3) All females in each generation were allowed to milk for at 
least one lactation. If they failed to give milk after being 
permanently separated about 6 to 10 days from their calves, 
they were considered to have poor dairy temperament with low 
production. Approximately 70% were culled; 
4) F^ males were mated to females to produce F2's; 
5) F2 males from top-producing F^ females were used as sires; 
6) F2 females again treated as in 3; 
7) F2 males mated to F2 females to produce Fg's; and 
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8) Sires were selected from F^'s by progeny test, each sire was 
used for one year being mated to selected F2 and Fg females. 
The breeding programs used crossbreeding and selection up to 
generation, followed by grading up the local females. Jerseys were 
bred to halfbred bulls and these bulls were progeny tested. It takes 
about 15 years to develop the F^ generation before the foundation is 
available (Mason, 1974). 
Second stage: 
Six bulls were progeny tested out of 40 young bulls sampled each 
year at age 6 to 9 months. Each bull was tested for heat tolerance 
and humidity by sweating rate, rectal temperature, feed consumption, 
water intake, and also for tick resistance (Hewetson and Nolan, 1968; 
Allen and Donegan, 1973), 
Third stage: 
The final objective of the development of the new breed was to 
contain between 4/8 and 5/8 Bos taurus. Then progeny testing was 
conducted for milk yield, hot climate stress, and tick resistance (Haymaa, 
1972, 1974; Mason, 1974). 
Several papers (FAO, 1979; Mason and Buvanendran, 1982) recommended 
that the development of new breeds of dairy cattle in the humid tropics 
should use Holstein or Jersey bulls to cross with the tropical breeds. 
The new breeds must have production and adaptation in the economic 
prevailing environment. They must also adapt to the management systems, 
and at the same time, serve as a genetic resource for progeny test. 
The initial crossing to obtain the formation of a gene pool or new 
breed must be done on a large number of farms where data can be recorded 
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on village herds so that any genetic improvement gained by selection 
may not be lost by inbreeding. 
Mason and Buvanendran (1982) stated that the new breeding system 
should maintain the intermediate type between the population of local 
and European breeds. After the initial crossing, F^'s are inter-se 
mated to form on Fg's followed by F^'s, and so on. Selection is needed 
immediately when the composition of the new breed has been achieved 
to find the animals combining both high yield and the resistance of the 
local breed. Animals should be selected for economic traits but not 
for color, conformation or other fancy types. If the breeders want to 
create 75% European blood, the backcrosses to European breeds should be 
practiced before the inter-se mating starts. In the early generations 
of new breed formation (F^ or backcrosses), it is not possible to 
progeny test, since young bulls are required to mate with heifers of 
their own age and generation. The young bull progeny testing must wait 
until the bulls are born after inter-se matings. 
Freeman (1975) pointed out that one system of genetic improvement 
of dairy cattle depends on the information available from an efficient 
record keeping system for cows and their pedigrees. This allows choosing 
and sampling young bulls for limited use in the AI service, holding 
these bulls in waiting for progeny test, then using them extensively 
or culling, depending on the results of the progeny test. This procedure 
is used in many, but not all developed countries. Freeman (1978) also 
indicated that the larger the AI breeding units, the more they have the 
ability to organize effective breeding programs. 
An F AO (1979) committee and Hickman (1981) suggested that approxi­
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mately 2,000 breeding females is a minimum for progeny testing after 
inter-se mating or for the establishment of an elite herd. At least 
eight young bulls are needed for a thousand matings to females and 
another thousand mates to the best proven bulls each year. It takes 
4 to 5 years for the whole cycle depending on age at first calving and 
requires storing enough frozen semen from approximately 40 bulls. 
The program for a new breed in a single herd- at the formative 
stage requires 10 to 15 bulls. The program must be expanded to other 
herds as soon as possible to exchange the bulls between herds and 
progeny testing the bulls (Mason and Buvanendran, 1982). 
Hickman (1981) pointed out that a mating scheme developed by 
Hickman and Freeman (1969) can apply successfully to several species 
and also applies to developing countries for indigenous breeds. The 
design allows measuring the direct and indirect response to selection 
from measurements on progeny of successive bull groups. The method 
describes the repeated use of young bull groups or females, over years 
or breeding periods with a group being introduced each year in a closed 
herd. Also, the bulls used in the first cycle of selection can be re­
peated in the last cycle to gain efficiency of measuring genetic 
change. About 300 cows are the minimum required for progeny test 
of young bulls. 
Cunningham (1979) has proposed an open nucleus breeding scheme 
that may be suitable in tropical countries where the dairy industry is un­
sophisticated. The breeding and selection scheme operates around a 
central herd under government control. A herd of about 200 cows can 
be used to carry out record keeping and breeding practices. The sup­
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porting base population is the village herds which provide cows to re­
place about 10% of the cows in the government central herd. 
Nucleus breeding schemes, also known as cooperative schemes in 
New Zealand, are based primarily on a single herd. The idea is that a 
small number of genetically superior animals which, if brought together, 
will form a nucleus where genetic progress is greater than that before 
(Nicoll, 1976). Mason and Buvanendran (1982) suggested that in this 
scheme, a group of farmers agree to pool their animals of high performance 
and make an efficient record keeping system for the structure of a 
nucleus breeding scheme. This system seems to be a method that can 
apply in tropical countries. The idea of a nucleus or cooperative 
breeding scheme is similar to what Freeman (1975, 1978) mentioned 
where syndicates of private breeders cooperatively working together are 
making a contribution to the programs of AI organizations for selecting 
and testing of young sires in the USA. 
The government herds have an important role in the tropical 
countries since the facilities, personnel, and skill to manage are also 
necessary in selection programs for new breeds. Meyn and Wilkin (1974) 
proposed a breeding plan for progeny testing programs that have been 
successful in government herds by using 500 Sahiwal cows plus 
additional cows for a total of about 1,300 cows 
The development of the Jamaica Hope breed of dairy cattle started 
in 1910 with the testing of several European breeds. This new breed 
was declared in 1952 to be stabilized at a level of 80% Jersey, 5% 
Holstein, and 15% Sahiwal breeding (Wellington and Mahadevan, 1975; 
Schneeberger et al., 1982). The Jamaica Hope has developed from a rela­
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tively small nucleus of animals from one government farm with the co­
operative efforts of a number of participating farmers. The sire 
selection program was initiated in 1952. The breed expanded to other 
dairy herds on the island in 1964. 
Mason (1974), Katpatal (1978), and Madalena (1981) suggested 
maintaining crossbred populations between European and Zebu breeds : 
1) The cross may be bred by inter-se mating and the new breed 
will have either an expected 50% or 75% of the European 
breeding. 
2) The crossbred bulls of expected 50% or 75% European genes 
would be used to grade up the local breed. When the replace­
ment is completed, a new breed will begin. 
. 3) The purebred Bos taurus and Bos indicus bulls would be bred 
to the cows in a criss-crossing system in alternate genera­
tions until the population reaches equilibrium. It remains 
between 33,3% and 66.6% Bos taurus. It would be desirable to 
start crossing by using the cow population and divide it 
into two herds. One herd would be crossed to local bulls 
and another crossed to European bulls to keep the two types 
of cows in equilibrium from the beginning of the program. 
The system to maintain a crossbred population in later generations 
requires an extensive system of milk recording, pedigree recording and 
using AI so that each bull can have daughters distributed in many herds 
for progeny testing. If such facilities are not available, it is better 
to use a criss-crossing system (Mason, 1974), or rotational cross­
breeding system between European and Zebu breeds (Buvanendran and 
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Mahadevan, 1975). 
McDowell (1982) recommended that the criss-crossing system using 
Holstein and Jersey males to improve the tropical breeds would be better 
than to use one European breed for grading up. The reason is that using 
two breeds instead of one maintains the heterosis level of F^'s. Also, 
among European dairy breeds, Holstein and Jersey have appeared best in 
combining ability with other breeds. In the initial criss-crossing 
program, Holstein sires should be first mated to tropical breeds. 
Instead of backcrossing the to Holstein, mating them to Jersey sires 
is suggested. In subsequent generations followed by alternating Holstein 
and Jersey sires, it is quite likely the intermediate crosses will 
be more efficient than the 75% to 80% level of either Jersey or Holstein, 
not only in milk production but also breeding efficiency. 
Several breeders do not agree to interbreeding of the generation 
crossbreds because it leads to much genetic variation (Maule, 1953; Mason, 
1974). Maule (1953), however, pointed out that there is a little informa­
tion to confirm this result, and Mason (1974) indicated that the genetic 
variation of F^'s from interbreedings increases with characters of low 
heritability, but it is a small part of the total genetic variation. 
For quantitative characters such as growth rate and milk yield, there 
is a small increase in genetic variation. Hayman (1972) also suggested 
that continued selection for milk yield in each generation of the 
interbreeding between Bos indicus and Bos taurus dairy cattle should 
increase milk production. 
Robertson (1949) stated that interbreeding in the F^ generation 
has been done to analyze the genetic control of milk production and 
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also to find the superior performance of new breeds in the genera­
tion. The segregation occurring in the F^ generation has always been 
assumed to lead to greater variation in performance than in the F^. 
The increase depends on the difference between the original parent 
breeds and the number of genes controlling that difference. The smaller 
the number of genes, the greater the increase in variation in the F^. 
The choice of European breeds should be made with the goal of 
maximizing heterosis in the F^ generation. Buvanendran and Mahadevan 
(1975) suggested that it is necessary to decide early on the breeding 
program about which European breeds are to be used for crossing on 
the tropical breeds, and the desirable levels of the European breeds 
to incorporate into a new breed. In Sri Lanka, the inter-se mating in 
the F^ generation from Holstein and Jersey males crossed to the local 
breed to produce the F^ generation has shown a marked decline in milk 
yield from F^'s. Furthermore, interbreeding of Fg's to produce F^'s did 
not show an increase in milk yield from the F2 generation. The reason 
is that heterosis was responsible for part of the greater yield in F^^'s 
and it was not maintained. There was a subsequent depression in the 
later generations. 
Wellington and Mahadevan (1975) pointed out that from the experience 
of the development of a new breed in Jamaica, it was necessary for a 
large number of milk recorded herds to participate in the program for 
selection and progeny testing of the bulls. This is probably another 
reason for the decline in milk yield for the inter-se matings in 
Sri Lanka. They have been concerned only with milk recording and 
sire evaluation from the government owned herds. 
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McDowell (1984) pointed out that the crossbreeding scheme proposed 
by the FAO (1979) consultant group, Cunningham (1979, 1981), Madalena 
(1981), and Mason and Buvanendran (1982) to form a new breed after 
crosses was too critical or high risk in the next step. McDowell 
(1982) also did not recommend crossbred sires for the crossbreeding 
system in the Southern Regional Cooperative Research S-49 in the USA 
because no selection for additive effects would be possible. Progeny 
of crossbred sires mated to crossbred females will be similar to 
progeny of purebred-sired crosses in reproductive performance and 
in prenatal calf losses, lactation health problems, and the off­
spring of crossbred sires will be more variable in body size, dairy 
temperament, and color patterns. McDowell (1984), however, agreed with 
the FAO (1979) consultant group, Cunningham (1979, 1981), Madalena 
(1981), and Mason and Buvanendran (1982) that the breeding plan for 
grading up local females mated to F^ crossbred sires appears to be 
most useful until there is a clear understanding of the environmental 
interactions of the crossbreeding systems. 
McDowell (1983) pointed out that there is evidence that crossing 
of tropical breeds with improved dairy breeds to produce F^^ crosses 
increases milk production over local breeds due to heterosis, but this 
may not be true in all cases. A crossbreeding experiment in the southern 
USA, S-49, has shown that additive genetic effects may be two or more 
times the magnitude of heterotic effects. Therefore, selection of 
parents on additive effects for crossbreeding can be as important as 
for any other breeding system. 
The advantage of forming a gene pool or new breed is that after 
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the initial cross, no further outside blood is needed and it is a self-
replacing population. The disadvantage is that it is a long-term breed­
ing program. When it reaches its goal, the market demand may have 
changed to other types of animals (Mason, 1974; Mason and Buvanendran, 
1982). 
Importing Temperate Breeds 
Two types of temperate breeds. Hols tein and Jersey, are recom­
mended for import into tropical countries for crossbreeding. These 
crosses are intermediate between milk yield, fat content and size 
(FAO, 1979; Mason and Buvanendran, 1982), Naturally, both produce 
meat as a secondary trait, but again. Hols teins are large in size and 
produces a large amount of milk yield and the Jersey is small and its 
milk has a high fat content. The other difference between these two 
breeds is the higher heat tolerance and maximum feed efficiency of the 
Jersey, whereas the Holstein can deal with large quantities of 
roughage. 
Katpatal (1977a, 1977b, 1978) found that the comparative performance 
under experimental conditions in India of halfbred Holstein, Brown 
Swiss and Jersey show the superiority of Holstein cows over other 
breeds. Studies of feed conversion have shown Holstein halfbreds to 
be above other crosses. When breed crosses of equal level of production 
were compared, the Jersey crosses were more efficient than other breeds. 
In general, use of Jersey and Holstein for average and optimum manage­
ment and feeding regimes, respectively, is likely to be favored by 
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the India dairymen. 
McDowell (1983) pointed out that there may be an economic advantage 
to using small breeds in tropical regions from the results of the 
majority of experiments conducted in subtropical and temperate zones. 
The small breeds are more efficient in reaching sexual maturity earlier 
than larger breeds under limited feeding where grazing is the major 
source of feed supply. This was confirmed in the results reported by 
Katpatal (1977b). The offspring of small breeds also achieve mature 
weight at 2 to 2-1/2 years which is 1 to 2 years earlier than the 
large breeds on equivalent management. Use of small breeds should prove 
most efficient for both reproduction and production of meat and milk 
in tropical countries (McDowell, 1983). 
Imported animals should be from as wide a selection of genetic 
material as is possible by selection from different herds and dif­
ferent sires, and especially the animals taken from the same herd should 
not be related. This is, of course, assuming all are selected for 
high additive genetic value. Imported semen of average merit for 
crossbreeding with Zebu breeds is less expensive (Katpatal, 1977a, 
1977b; Mason and Buvanendran, 1982; Alberro, 1982). Freeman (1984b) 
pointed out that is probably not the best alternative to import 
semen from the highest bulls with high semen prices, but cer­
tainly results in a Holstein Science Report entitled "Results 
of Holstein Breed Comparisons in European Countries" show the 
bulls with the highest additive merit do produce better under poor 
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environments. This report also suggested that the importing country 
should determine which exporting countries have the best cattle 
resulting from intense selection and accurate sire and cow evaluation. 
Heterosis of crossbreeding between the temperate and the tropical 
breeds in the poor environment is greater than in a favorable environ­
ment which was explained in a model presented by Cunningham (1981). 
Adaptability 
Animal breeders often recommend selection for adaptability when 
referring to tropical environments (Cartwright, 1982). To gain more 
understanding for cattle bred for adaptability, the variability among 
cattle that are best fitted to each zone must be considered. The 
useful approach appears to' be that of examining the major constraints 
which may be divided into three categories: 1) climate, 2) physical 
environment, and 3) socio-economic. 
First constraints 
The direct and indirect effects of the tropical climates include 
high ambient temperature, seasonal rainfall, fast growth rate of forage 
and low quality forage. The direct effects could be mediated through 
soils and plants including forages that develop poor digestibility 
and protein values. Both direct and indirect effects affect feeding 
supplies, health and mineral deficiency problems. 
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Second cons Craints 
Physical environment affects genetic potentials of cattle in the 
tropics. Cartwright (1979) has divided these potentials into two 
characters : 
1) Primary characters are body size at different ages, maturity 
rate, and milk production. 
2) Ancillary characters are traits that include morphological and 
physiological mechanism for dissipating body heat and coping 
with high ambient temperature and solar radiation. Also, 
resistance to disease and parasites, ability to walk long 
distances, tendency for fat deposition, and ability for more 
rapid or effective response to nutritional stress are im­
portant. 
Third constraints 
Socio-economic conditions relate to: 
1) limited capital and other resources to increase the level of 
inputs, 
2) infrastructure related to marketing products, transportation 
and facilities, 
3) husbandry skills may be we11-developed, many skills and 
knowledge required for change are often behind, 
4) national training or extension service programs are usually 
inadequate, and 
5) social customs and traditional incentives may further make 
change difficult. 
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Rendel and Hickman (1978) suggested that if tropical countries 
want to improve or intensify dairy production, it is necessary to lay 
down solid plans and policies. This will have to vary with the climatic 
conditions, the feed supply available and the quality of veterinary 
services. On the whole, high temperature appears to be less important 
than high humidity for adaptation of cattle from temperate climates to 
the humid tropics. 
Trail and Gregory (1981a) and Gregory et al. (1982) mentioned 
that economic and technological conditions generally do not permit the 
modification of the natural environment of most major ecological zones 
of the tropics to the degree necessary so that the general adaptability 
of Bos taurus can be exploited. That is, their additive genetic merit 
for greater milk production cannot be expressed as well as in temperate 
zones. 
Mahadevan (1966) pointed out that genetic environmental inter­
action may exist in dairy cattle. Then genetic gain for milk production 
in temperate environments would not be fully expressed in a tropical 
environment. Stated differently, genes that control production and 
adaptability may differ in the two environments. Rendel (1974) indicated 
that if genotype-environment interactions were very important, tropical 
countries should pay more attention to recording production records 
and progeny testing so that selection might be based on records ob­
tained under local conditions rather than to import breeding stock 
and semen from temperate countries. 
Frisch (1981) and Hickman (1981) mentioned that genetic adaptation 
to environment stress can be improved indirectly by selection for 
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level of performance under such environments. Frisch (1981) found that 
a positive correlated response in survival occurs when selecting for 
growth rate. This selection provides simultaneously for greater rate 
of feed efficiency, disease and parasite resistance, water evaporation 
ability (heat loss) and low mortality. Selection for performance can 
be expected to improve adaptation, but selection for adaptation cannot 
be expected to increase performance. Thus, performance and adaptability 
are correlated. This is mainly due to all genetic factors that 
contribute to adaptation also contribute indirectly to the performance 
traits. 
Amble and Jain (1967) showed that halfbred European and halfbred 
Zebu breeds in India have shown superiority for adaptability and 
longevity more than the other grades of European breeds deviated from 
halfbreds. 
Trail and Gregory (1981a, 1981b) found that Sahiwal crosses with 
Bos taurus had higher potential in milk and beef production and 
adaptability in several ecological zones of Africa. The Sahiwal 
breed is also considered to have higher genetic merit for milk 
production and milk let-down among Bos indicus breeds in Africa. 
Optimum Proportion of Bos Taurus 
An optimum proportion of temperate breeds for crossbreeding between 
breeds from temperate climates and Zebu breeds with respect to milk 
production, reproductive traits, and growth rate in the warm climate 
in India is generally around 50-75% (Katpatal, 1977a, 1977b, 1978). 
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However, an optimum proportion of Holstein crosses with Zebu breeds 
reaches maximum milk yield at 5/8 Holstein and age at first calving 
is generally lowest at 4/8 to 5/8 Holstein. 
Amble and Jain (1967) evaluated the optimum proportions of Bos 
taurus breeding that could be introduced into Zebu breeds. For 
production characteristics, 50% and 62% Bos taurus breeds are better than 
other proportions; however, when considering longevity of crossbred 
cows resulting from mortality, abortion, stillbirth, culling and 
production characteristics, 50% Bos taurus is superior to other propor­
tions of European breeding. Mason and Buvanendran (1982) described 
a grading up program using European breeds. Milk production gradually 
increased as the proportion of European breeding increased. About 6/8 
or 7/8 European breeding was optimal. 
Madsen and Vinther (1975) evaluated the optimum proportion of 
genes from Red Danish cattle for a crossbreeding experiment under 
unfavorable climatic conditions for dairy cattle in humid tropics at 
the Thai-Danish Dairy Farm, Thailand. Feeding and management were 
according to the Danish standard. Optimum proportions of 60% to 80% 
Red Danish were considered to be suitable for production and reproduc­
tion efficiency. Madsen (1976) also reviewed the optimum propor­
tion of Red Danish cattle for crossbreeding with the tropical breeds 
from the same source of data and said that the percentage of Red Danish 
breeding should not exceed 75%. 
Gregory and Trail (1981) evaluated a crossbreeding experiment for 
two breed groups of dairy cattle that were either 67% Sahiwal and 33% 
Ayrshire or 33% Sahiwal and 67% Ayrshire produced in a continuous two-
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breed rotation crossbreeding system at sea level on the Indian Ocean 
in Kenya. The optimum additive genetic composition of these two breeds 
could be between the extremes of 67% and 33%. Trail and Gregory 
(1981b) suggested that the optimum contribution by Ayrshire to Sahiwal 
crossed under hot and humid climatic conditions and good nutrition 
levels in Kenya is probably womewhere between 50% and 75% Ayrshire. 
Rao and Taneda (1982a) reported that halfbred Holsteins and half-
bred Sahiwals gave the highest milk production in first lactation 
followed by 5/8 Holstein and 3/8 Sahiwal in both northern and southern 
regions of India. They suggested that genotype-environment interactions 
could be the limiting factors for milk yield when Holstein proportions 
increased beyond 5/8. This also indicated that increases in milk yield 
are not linear to the increased proportion of Holstein breeding. Rao 
and Taneda (1982b) summarized a comparison of Holstein and Sahiwal 
crossbreeding from different proportions of Holsteins. Age at first 
calving was lowest for 1/2 Holstein, followed by 5/8 and 3/4 Holstein 
in both northern and southern regions of India. 
Hayman (1972) stated that the development of Australian Milking 
Zebu at the final stage contains the optimum proportion of Jersey between 
4/8 and 5/8. Nagarcenkar (1982) suggested that Bos taurus breeds should 
be restricted to Holstein and Jersey and the combination of the local 
and exotic in humid tropics should be at halfbred level, 
Madalena (1981) reported the results from crossbreeding between 
European and Zebu breeds in Brazil for higher milk yield, lower age 
at first calving and shorter calving interval. The optimum proportion 
probably was between 4/8 to 5/8 European breeding. 
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Age at First Calving 
Dairy producers need their heifers to grow fast, have healthy 
calves, and high milk yield at an early age to reduce cost of 
rearing. 
Berger et al. (1981) stated that some breeders may delay breeding 
first-calf heifers longer than older cows, but they do not pay deliberate 
attention to age or production. Lee (1976) pointed out that age effects 
on milk yield are environmental. Also, if age at first breeding is 
based on weight, there are differences between sire progeny groups for 
weights; thus, the differences in age at calving would be genetic. 
Hansen et al. (1983) stated the methods and showed the results of 
multiplicative age adjustment factors of yield for first, second and 
third parity of Holstein cows. 
Dickinson and Touchberry (1961) suggested that nonadditive genetic 
effects from crossbreeding between Hols teins and Guernseys seems to 
improve the livability characteristics of dairy cattle. McDowell et al. 
(1969) found in a crossbreeding experiment among Holstein, Brown Swiss 
and Ayrshire cattle that age at first calving was not substantially 
reduced. However, crossbreeding between Jerseys and Sindhis reduced 
age at first calving to 29 months compared to 41 months for the Sindhi. 
In general, age at first calving in several Indian Zebu breeds is 36 to 
48 months or about 6-12 months longer than the average age in most 
temperate breeds. 
Average age at first calving of Jerseys in Australia was 27 months 
compared to Australian Milking Zebu that ranged from 28+0.7 months to 
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34 + 1.0 months, as reported by Hayman (1974). 
Katpatal (1977b, 1978) indicated that age at first calving as a 
function of body growth can be reduced by adequate nutrition and 
management. Average age at first calving among Holstein halfbreds 
ranged from 952 to 998 days, among Jersey halfbreds from 865 to 1007 
days, and in Brown Swiss halfbreds from 1024 to 1036 days. In general, 
Jersey inheritance appears to contribute to a greater reduction in age 
at first calving compared to Holstein or Brown Swiss in India. 
Average age at first calving among Holstein-Sahiwal crosses in 
northern and southern regions of India was lowest in halfbred (31.1, 
32.5 months), followed by 5/8 (32.2, 33.0 months) and 3/4 Holstein 
(33.1, 33.7 months), respectively (Rao and Taneda, 1982b). 
Bhat (1974) stated that average age at first calving was 40.15 
months for Sahiwal and 41.70 months for Red Sindhi in India. The 
least square mean for age at first calving of Sahiwal in Kenya was 
37 + 4.5 months as reported by Meyn and Wilkins (1974). 
Schneeberger et al. (1982) evaluated age at first calving of 
Jamaica Hope cattle. They averaged 32.7 +1.1 months with 55% of 
heifer calving less than 30 months. Second calving average was 
45.8 + 1.7 months. 
Gregory and Trail (1981) and Trail and Gregory (1982) computed 
least square means for age at first calving of crossbred Ayrshire and 
Sahiwal cattle in Kenya (67% Ayrshire and 33% Ayrshire). The means 
were 1019 and 1022 days, respectively. Effect of sires within breed 
of sire was important for both Ayrshire and Sahiwal breeds. Ayrshire 
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sired females averaged 23 days younger at first calving than Sahiwal 
sired females. 
Table 1. Age at first calving in several levels of European breeds 
in Thailand, India, and Brazil 
Thailand^ India^ Brazil^ 
% improved Red Danish Holstein Holstein 
breed (mo.) (mo.) (mo.) 
0 34.8 38.3 — 
25 — 37.5 41.0 
37 28.7 38.5 — 
50 27.8 36.2 36.7 
62 29.6 35.9 40.4 
75 28.9 36.3 39.1 
87 29.7 37.0 39.9 
100 29.6 36.8 40.2 
^east square mean: adapted from Madsen and Vinther (1975) using 
Red Danish as a major improved breed. 
^Mean: adapted from Amble and Jain (1967) using Holstein as a 
major improved breed. 
^Least square mean: Madalena et al, (1982) using Holstein as a 
major improved breed. 
Days Dry and Days Open 
The effect of the previous length of dry period on subsequent milk 
production is largely environmental (Smith and Legates, 1962). Louca 
and Legates (1968) indicated that the production and economic losses 
due to long days open is almost entirely environmental and that adjust­
ment of production records for days open in sire evaluation could not 
introduce genetic biases. Schaeffer and Henderson (1972) also stated 
that both days dry and days open on milk production are almost entirely 
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environmental. Thompson et al. (1982) developed adjustment factors for 
days open on milk production for sire evaluation. Adjusting records 
for days open would remove the largely environmental effect of days 
open. 
Schaeffer and Henderson (1972) evaluated effects of days dry and 
days open on Hols teins for milk yield and found out that age and month 
of calving significantly increased length of days dry. As the length 
of days open increased, cumulative milk production also increased at 
the same stage of lactation. Older cows tended to have a longer dry 
period than younger cows within a lactation. Dry periods of 50 to 
59 days in Hols teins gave the highest average yield in the subsequent 
lactation, and days open between 60 to 90 days appears to be the ideal 
management practice. 
Brandt et al. (1974) studied the crossbreeding project between 
Holstein and Brown Swiss in the Clemson University herd in South 
Carolina. These results showed that crossbreds in the first generation 
had fewer days open than purebreds. 
Swensson et al, (1981) reported that in Ethiopia, average days 
open among crosses with local breeds, for halfbred Jersey and halfbred 
Holsteins, was 111 days and 113 days, respectively. 
Calving Interval 
Several factors influence length of calving intervals such as 
conception rate, embryonic mortality, age of cow, high milk yield, 
abortions, seasonal and environmental factors and service sire. The 
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interval from calving to eventual conception and various physiological, 
environmental and management factors interplay. This makes it diffi­
cult to determine optimum herd management for the best calving interval 
because calving interval depends on knowledge of the mechanisms that 
limit fertility (Berger et al., 1981). 
Hansen (1981) studied fertility in the Holstein breed. In general, 
heritability of several measures of fertility in heifers tended to be 
slightly higher than for cows, Heritability of fertility ranged from 
0 to ,03 for lactating cows. 
Freeman (Dept, Animal Science, Iowa State University, personal com­
munication, 1985) pointed out that certainly fertility is important in all 
lactations. If a cow does not conceive, she is lost, so fertility is im­
portant. Berger et al, (1981) found that heritability for days to first 
breeding, days to last breeding, and days open for the first two lactations 
were .03, .02, and .03, respectively. Heritabilities were low, suggesting 
that direct selection for reproductive performance would be slow, Hansen 
et al. (1983) stated that fertility during one lactation may not be re-
peatable in subsequent lactations. Repeatability of fertility in first 
parity was higher than for second and third parities. Repeatability in 
second parity tended to be smaller than third parity, Hansen (1981) 
pointed out that the major cause of infertility is probably poor repro­
ductive management. Improved fertility may be favorably related to im­
proved milk production because virgin heifers that milk most in first 
lactations conceive easier, but stress of increased milk production may 
depress the genetic potential for improved fertility. 
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McDowell et al. (1976a) found that Jerseys averaged 10-25 days 
longer calving intervals than crosses with Red Sindhi in the Southern 
Cooperative Agricultural Experimental Station, USA; however, under good 
feeding and management, Zebu crosses with European cattle did not show 
any significant advantage for dairy production as indicated by Braton 
et al. (1966). 
Buvanendran and Mahadevan (1975), in Sri Lanka, studied Jersey 
and Red Sindhi cattle, and found that for halfbred Jerseys, calving 
intervals were 368 days, for 5/8 Jerseys 373 days, and for 6/8 Jersey 
434 days, compared to Red Sindhi at 457 days. 
Crossbreeding Brown Swiss to Zebu breeds in India has improved 
calving intervals 20-28% as reported by the FAQ (1979). Katpatal (1977b, 
1978) found that average calving intervals among the halfbreds ranged 
from 409 to 461 days in Holstein crosses, 381 to 456 days in Jersey 
crosses and 395 to 471 days in Brown Swiss in India. Calving interval 
appears to increase with increased European proportions above 6/8. 
This result leads to concluding that the levels of 4/8 to 6/8 are 
optimum for dairy cattle production in the tropics. 
Schneeberger et al. (1982) evaluated calving intervals for 
Jamaica Hope cattle that averaged 397 + 81 days, which tends to be 
shorter than for native breeds (416 days) and pure European breeds 
(433 days) in the tropics, 
Meyn and Wilkins (1974) found that average calving interval 
of crossbreds between Jerseys and Sahiwals was 371 days, as compared 
to 359 days in Jerseys. Further, average calving interval for F^^ 
crosses between Holstein and Sahiwal cattle was 410 days compared to 
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433 days for Hols teins in Kenya, 
Average calving intervals are given in Table 2. Calving intervals 
seem to increase with increasing European proportions at levels of 50% 
to 60%. 
Table 2. Average calving interval in several proportions of European 
breeds in Thailand and India 
Thailand^ India 
% improved Red Danish Hols tein 
breed (days) (days) 
0 467 421 
25 — 417 
37 421 444 
50 410 435 
62 444 432 
75 446 468 
87 464 461 
100 525 463 
^Least square means; adapted from Madsen and Vinther (1975) 
using Red Danish as a major improved breed. 
^Mean: adapted from Amble and Jain (1967) using Holstein as a 
major improved breed. 
Lactation Length 
Correction factors can be used in two ways to adjust data: 
1) adjust all observations to the fitted mean by subtracting 
the constant from the observed value, and 
2) adjust all observations by relating to a subclass which is 
selected as the standard. 
Lactation length for European cows represents the yield from 
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calving to 305 days, irrespective of the number of days in milk; however, 
these procedures are not valid for dairy cattle in the tropics. The 
reason is that lactation length appears to have a genetic basis, which 
was suggested by Mason and Buvanendran (1982). 
Schneeberger et al. (1982) evaluated the average lactation length 
for Jamaica Hope cattle as 282 days, which is above the native breeds 
(190 to 244 days) in the tropics. Lactation length also accounted 
for 35% of the variation in milk yield. 
Average lactation length from well-managed farms in semiarid 
areas in Kenya was 322 days for Hols teins and 274 days for halfbred 
Holsteins and halfbred Sahiwals (Meyn and Wilkins, 1974). 
Buvanendran and Mahadevan (1975) reported that average lactation 
length for Red Sindhi in Sri Lanka was 262 days, halfbred Jersey 
368 days, 5/8 Jersey 373 days and 6/8 Jersey 434 days, respectively. 
Milk Production 
Crossing with improved European breeds in the tropical region has 
been done for nearly a century. Using the European breeds was based on 
the assumption that crossbreds would be more efficient than native 
breeds; also, because a population could be moved rapidly toward more 
satisfactory goals. It can be expected that additive genetic effects 
and heterosis would be exhibited as a result of crossing among dairy 
breeds (McDowell, 1983, 1984). 
Schneeberger et al. (1982) estimated the average milk yield of 
the Jamaica Hope breed (synthetic breed) was 2,857 kg. Milk yield 
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Table 3. Average length of lactation in several levels of European 
breeds in India and Brazil 
U  Brazil^ (Holstein) 
India° High Low 
% improved (Holstein) management management 
breed (days) (days) (days) 
0 296 
25 280 225 155 
37 297 — 
50 308 322 307 
62 292 203 260 
75 306 315 275 
87 279 318 289 
100 263 404 154 
^Least square means: Madalena et al. (1982) using Holstein as 
a major improved breed. 
^Mean: adapted from Amble and Jain (1967) using Holstein as a 
major improved breed. 
also declined from the average 3,890 kg in 1969 to 2,658 kg in 1975. 
Wellington et al. (1970) suggested the decline in milk yield was 
due to increasing herd size without a corresponding addition in feed 
supplies and perhaps because of slower genetic progress from reduced 
culling.. 
Meyn and Wilkins (1974) stated that crossbreds between Jerseys and 
Sahiwals on a large well-managed farm in Kenya, with an average of 
1,100 mm rainfall annually, produced an average of 1,446 kg milk in 
first lactation, which was greater by 402 kg produced by purebred 
Jerseys. Milk yield from Holsteins in semiarid areas averaged 2,495 kg, 
while the crosses between Holsteins and Sahiwals averaged 2,341 kg. 
Trail and Gregory (1981b, 1982) investigated the milk yields of 
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Ayrshires, Sahiwals and their crosses in a highland area at 2,100 
meters and 1,000 mm rainfall in Kenya. Average milk yields for all 
breeding groups were: 
Ayrshire 1,249 kg 
1/2 Ayrshire 1/2 Sahiwal 1,060 kg 
Sahiwal 880 kg 
Their results showed that Ayrshires had higher total lactation yield 
than 1/2 Ayrshires and 1/2 Sahiwals. The yield of Ayrshire cows, 
however, is biased because purebred Ayrshire cows received preferential 
treatment in concentrate feeding, with better pastures and hay to that 
for Ayrshire-Sahiwal cross cows and for the purebred Sahiwal. 
Ruvuna et al. (1984) evaluated milk production records from three 
purebred groups (Tharpakar, Sahiwal, and Red Sindhi) and their crosses 
with Brown Swiss raised in one herd in India. Tharpakar produced more 
milk yield than Sahiwal and Sindhi by 232 and 204 kg. Crosses of F^'s 
were superior in milk yield to purebred Tharpakar, Sahiwal, and Sindhi 
by 810, 1,043, and 1,015 kg, and to the interbreeding groups and 3/4 
Brown Swiss by 380 and 540 kg, respectively. Milk yield of the three . 
crossbred groups (F^, inter-se crosses, and 3/4 Brown Swiss) reached 
maximum peak production in third parity while the purebred Zebu in­
creased up to the fourth parity and then declined. 
In Thailand, using Red Danish as a major improved breed, milk 
production was associated with calf livability. The optimum proportion 
of Red Danish could be 75% as suggested by Madsen (1976). Milk yield 
in first and second lactations increased with an increasing proportion 
of European breeding. The reason is that the quality of feed and 
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Table 4. Illustration of milk yield in several proportions of 
European breeds in Thailand, India and Brazil 
Thailand^ India^ Brazil^ 
% improved Red Danish Holstein Holstein 
breed (kg) (kg) (kg) 
0 987 1,786 . 1,582 
12 1,000 2,208 1,852 
25 1,128 2,246 1,992 
37 • 1,256 2,242 2,238 
50 1,554 2,422 2,527 
62 1,689 2,376 2,567 
75 1,875 2,430 2,437 
87 1,925 2,341 2,336 
100 2,305 2,332 
^Source: McDowell (1984) adapted from Madsen (1976), 
^Source: McDowell (1984) adapted from McDowell (1983). 
^Source: McDowell (1984) adapted from Madalena (1981). 
management has been relatively high even though climatic conditions 
were most unfavorable (Madsen and Vinther, 1975). 
In India, using Hols teins as a major improved breed, McDowell 
(1983) pointed out that as the proportion of Holstein breeding in­
creased from 1/8 to 7/8, milk yield increased only 200 kg above the 
lowest level of Holstein breeding (1/8). This indicates that the 
environment which could be provided on the farms in India was limiting 
production at 2,000 to 2,500 kg of milk yield, irrespective of the 
genotype. To put more feed into improving environmental conditions 
to obtain milk yields more than 2,000 to 2,500 kg, could lead to in­
creased risks of wasting feed, provided the limiting environment was 
not feed. McDowell (1984) also indicated, using results from three 
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countries shown in Table 4, that the environment may be limiting milk 
production at 2,000 to 2,500 kg. 
Conclusions 
Inbreeding, crossing and selection are the main forces available 
for increasing the genetic merit of populations. Selection with 
enough accuracy is necessary to continue making genetic improvement. 
Crossbreeding for dairy cattle between European and tropical breeds has 
been widely practiced in the tropics. The genetic potential of cross­
breeding is substantial when used with continued selection. The utiliza­
tion of both additive and nonadditive genetic effects'has lead to in­
creased milk production and reproduction efficiency. The ability of 
crossbred dairy cattle to withstand environmental stress depends on the 
European-proportions in the crosses and management levels. 
Several scientists suggest strategies to improve dairy cattle in 
the humid tropics, .They are: 
1) improve within the tropical breed, 
2) by crossing between European and tropical breeds to produce 
Fj'., 
3) backcrossing females to European bulls and obtaining 75% 
European breeding, 
4) backcrossing females to the tropical bulls and obtaining 
25% European breeding, 
5) criss-crossing between two European breeds, 
6) inter-se mating between the F^'s (two-breed gene pool), 
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7) two-breed gene pool with 75% and 25% either European or tropical 
breeding, 
8) three-breed gene pool with 50, 2 5 ,  and 25% composites, by 
obtaining F^'s between two breeds then mating them to the third 
breed, 
9) criss-crossing of F^'s and pure European breed males (by 
creating F^'s from two purebreds — European and tropical), 
the females are backcrossed to one breed, then F^ bulls are 
used in the next generation and their female offspring are 
again mated to the purebreds (this system used variable 
combinations between European and tropical breeds), 
10) grading up to F^ sires, and 
11) produce 5/8 European breeding for a synthetic breed. 
Three alternative methods to produce 5/8 European breeding were 
suggested by McDowell (1984): 
1) using European sires mated to 3/4 tropical and 1/4 European 
females is the best in performance, 
2) by mating from 3/4 European crossbred sires to F^ females, 
and 
3) mating tropical breed sires to 3/4 European and 1/4 tropical 
females is the lowest in performance. 
McDowell (1984) pointed out in criss-crossing systems of tropical 
females that two European breeds of Holstein and Jersey were better 
than using one European breed. First, cross Holstein males to tropical 
females then mating F^'s to Jersey males instead of backcrossing to 
Holsteins is recommended. This procedure can maintain more heterosis 
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in the F^'s than backcrossing to Holsteins. 
Imported temperate breeds should be Holstein and Jersey breeds. 
Holsteins are larger in size and produce more milk. Jerseys, however, 
are better in heat tolerance, higher fat content in milk yield, and 
probably reaching age of breeding earlier than large dairy cattle 
breeds. Both Holstein and Jersey breeds are considered best in com­
bining ability in crossing with tropical breeds. Imported semen from 
major milk producing countries must be from countries that have ac­
curate intense selection and accurate sire and cow evaluation. 
Optimum proportions of European breeding in the crosses associated 
with production, reproduction, adaptability, and management capability 
in humid tropics from different countries and sources were: 
60 to 75% Thailand Madsen and Vinther (1975); Madsen 
50 to 62% Aus tralia Hayman (1972) 
50 to 62% Brazil Adapted from Madalena (1981) 
50 to 62% India Amble and Jain (1967) 
50 to 62% India Katpatal (1977a, 1977b, 1978) 
50 to 62% India Rao and Taneda (1982a) 
33 to 67% Kenya Gregory and Trail (1981) 
50 to 75% Kenya Trail and Gregory (1981b) 
75 to 87% For FAO Mason and Buvanendran (1982) 
Results from most researchers stated that 50% European breeding 
seems to be the best in reproduction and production efficiency. For 
developing new breeds in the tropics, optimum proportions of European 
breeding should be between 50% to 62%, McDowell (1984) stated that 
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in crossbreeding dairy cattle between European and tropical breeds, 
25% and 50% improved breeds are the most practical approach for 
10 years or more. 
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DESCRIPTION OF DATA 
Thai-Danish Dairy Farm, Foundation Cattle and Breeding Policy 
The Thai-Danish Dairy Farm (TDDF) was started in 1961. The first 
agreement between the Thai and Danish governments covered a period of 8 
years under the Danish management in close cooperation with Thai staff. 
The second agreement was for 4 years where the Danish staff served as 
technical advisors. 
The farm is located 15° north of the equator and 230 m above sea 
level. The average daily temperature ranges from 26° to 38°C in the 
hot season and from 19° to 30°C in the cool season. The annual rain­
fall averages 1,030 mm, and the relative humidity varies from ap­
proximately 65% in the dry season to 90% in the rainy season. The 
monthly averages of temperature, humidity and rainfall observations 
at the Thai-Danish Dairy Farm for the years 1974-1981 are shown in 
Table 5. 
The plan of the farm was to develop a new breed of dairy cattle 
by crossbreeding Bos taurus and Bos indicus for adaptability to the 
climatic stress conditions in Thailand for milk production. The majority 
of Bos taurus at the farm is Red Danish. Eighty-nine heifers were im­
ported in 1962-1963 and 15 heifers in 1970. Five Red Danish bulls 
were imported earlier in the project; however, most of the bulls used 
in crossbreeding were born on the farm. Crossbreds between Brown Swiss 
and native and Jersey and native cows were purchased for the farm in 
the initial phase of the crossbreeding program in 1962-1963. 
Native cattle and improved native cattle were not of the milking 
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Table 5. Monthly average temperature, 
Thai-Danish Dairy Farm 
humidity and rainfall at the 
Temperature, °C Humidity 
% 
Rain 
Month Max Min mm/month 
January 29.5 18.0 66.9 7.8 
February 30.9 19.8 67.6 26.7 
March 32.8 22.2 73.5 36.7 
April 33.5 24.2 63.7 48.7 
May 31.9 23.8 77.6 130.7 
June 31.3 23.9 76.9 104.9 
July 31.1 23.4 78.5 201.5 
August 30.1 23.2 81.1 158.7 
September 30.2 23.8 84.0 170.8 
October 29.9 29.9 80.0 106.6-
November 28.1 19.2 71.3 30.4 
December 27.4 17.3 68.0 7.3 
types and brought into the farm in 1962-1965 for obtaining their calves 
from the crosses. Improved native cattle were mainly white Zebu 
originating from Burma, Red Sindhi and Sahiwal were purchased for 
the farm in 1968. The India Milch breed was imported from Pakistan in 
1968 (TDDF, 1971; Madsen and Vinther, 1975; Madsen, 1976). 
The initial breeding program was grading up the tropical breeds 
to Red Danish, but mortality and disease incidence was high among pure­
bred Red Danish and higher proportions of European breeds. Thus, 
back-crossing to the Sahiwal and Red Sindhi breeds was practiced in 
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Table 6. Foundation females brought into the Thai-Danish Dairy Farm 
since 1962-1970 
Year Numbers of heifers or cows Breed 
1962 39 heifers Red Danish 
239 cows and heifers Native 
54 cows 1/2 native and 1/2 Red Sindhi 
34 cows and heifers Zebu crossbreds 
19 heifers Brown Swiss crossbreds 
33 cows Jersey crossbreds 
1963 50 heifers Red Danish 
1964 278 heifers Crossbreds of milk type 
25 heifers Jersey crossbreds 
1965 50 heifers Crossbreds of milk type 
83 cows and heifers Jersey crossbreds 
1968 27 calves Red Danish crossbreds 
30 cows and heifers Red Sindhi 
12 cows and heifers Sahiwal 
1970 15 heifers Red Danish 
Total 986 
the later stages. The final objective of the farm was to reach 
the desirable composite of breeds to be 5/8 Red Danish or Holstein 
and 3/8 native and Red Sindhi or Sahiwal, Currently, there are 232 
cows in milk and the rest are young stock and dry cows for a herd s 
size of 1,500 animals. Some of these 1,500 animals were purchased 
and bred for resale to farmers. Most of the young stock are raised to 
sell for the farmers rather than to keep for producing milk in the 
farm. Freeman (Dept. Animal Science, Iowa State University, personal 
communication, 1985) suggested that in the USA, the number of milking 
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cows are about equal to the number of young stock and dry cows. 
The purpose of the farm is also to provide model buildings and 
facilities to the farmers within reasonable cost limits for initial 
construction, since a dairy farm is a relatively new phenomena in 
Thailand. 
Feeding and Management 
The animals whose records were used in this study were maintained 
in houses with open sheds throughout the year. The cows in milk, dry 
cows, young calves and bulls were kept in separate houses. The dry 
cows and young females were let out for grazing on farm pastures. The 
cows in milk were grazed on pastures, but are now kept in stalls for 
feeding. When the pastures were sparse, silage and hay made from 
surplus grass were fed during the dry season; approximate roughage . 
consumption per animal was 30 kg per day. 
Common types of grasses used for permanent pastures consist of 
Para grass (Brachiaria mutica). Napier grass (Pennisetum purpureum) 
and Guinea grass (Panicum maximum). Para grass is the most palatable 
and favored by the animals, and it grows rapidly after cutting and 
gives more yield during the rainy season, but is not very drought 
resistant. Napier grass is good for drought resistance. The drought 
resistance perenial legumes are also planted and mixed with pastures 
for increasing the protein content of the forage. 
The composition of concentrate feed varied according to the 
availability of each crop during the year. The amount of concentrate 
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supplement fed also varied according to yield and quality of milk in 
excess of nutrient requirement from grass; approximately 0.4 kg 
concentrate per kilogram of milk produced were fed. Flexibility was 
allowed when seasonal variation in the estimated nutritive value of 
grass seemed to require changes, in the timing and/or the amount of 
concentrate fed. 
Animals were vaccinated against the prevalent contagious diseases 
such as haemorrhagic septicemia, foot and mouth disease, and brucellosis. 
They were dipped regularly to control ticks. Calves were weaned at 
birth and all purebred and crossbred cows were machine milking twice 
a day without their calves present at foot. 
Data Preparation 
Data used in this study were from the 10 breeds (Red Danish, 
Brown Swiss, Jersey, Holstein, Red Sindhi, Sahiwal, India Milch, Zebu, 
Native, and Brahman) and their crosses obtained from the years 1962 to 
1983, A total of 8,718 records of 2,153 females were available for 
reproduction and production traits. Of these, there were 2,153 first 
parity records, 1,669 second parity records and 1,047 third parity 
records, respectively, that were used. The decision to reject records 
for parities greater than third was made because there were not many 
observations that could be used to compare lower proportions and higher 
proportions of European breeds to the intermediate groups as shown in 
Tables 8 and 9. Thus, parities were analyzed separately and the 
genetic groups of different European proportions of cows from European 
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breeding were grouped within each parity. Previous research has 
shown that these breed groups and their crosses respond differently 
by parity, and this is at least partly under genetic control. So, 
all analyses were done within parities. 
For data to allow reliable conclusions, they must be of sufficient 
size to compare the differences among subpopulation and allow controlling 
environmental factors (feeding and management). Herdmates are those 
cows that have freshed in the same herd during a specific time period 
and presumably have been exposed to the same environment condition. 
These available data used to consider the differences among the straight-
breeds and all crossbreds did not come from an experiment that was 
statistically designed and carried out for this purpose. The numbers 
of observations within each subclass were not equal. Some of the sub­
classes, as will be shown later, were not even represented. 
Among the crosses with European breeds (Red Danish, Brown Swiss, 
Jersey, Holstein), numbers were greatest for Red Danish and the least 
for Holstein. Among India breeds (Red Sindhi, Sahiwal, India Milch), 
the most crosses were with Red Sindhi and the least with India Milch. 
Among the local breeds (Zebu, Native, Brahman), the majority of the 
crosses were with the Native breed and the minority of crosses with 
Brahman. 
It was necessary to estimate how many breed crosses there were in 
this study to evaluate the different levels of European genetic groups 
that could be compared. Overall, there were 393 crossbred types. Many 
crossbred groups have a very small number of observations. There was 
a great deal of confounding among breeds and their crosses with year-
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season, so all breeds and breed crosses could not be used, as will be 
shown later. By grouping the data, however, reasonable analyses could 
be obtained. The best choice for grouping were by European, India 
and local breeds. Proportions of Red Danish, Brown Swiss, Jersey 
and Holstein were combined into the first group. Red Sindhi, Sahiwal 
and India Milch were combined into a second group, and the last group 
combined Zebu, Native and Brahman. The reason for the grouping the 
data in this way was that the European breed groups were used in 
crossing as improved breeds for milk production. Red Sindhi, Sahiwal 
and India Milch were a milking type of Bos indicus cattle, but Zebu, 
Native and Brahman were not a milking type of local breeds. The 
grouping of these three breed combinations were represented as European, 
India and Local breed groups of cows of 91 crossbred types as shown in 
Table 7. Another reason to classify the data into these three groups 
is that they are the most meaningful groupings for currently operating 
a crossbreeding program with the cattle in Thailand. 
However, there were 38 out of 91 crossbred types that had only 1 
cow of the particular cross; these observations ranged from 1 to 340 
cows for each crossbred type. The breed groups were classified into 
two sets for data analyses to study reproduction and production for 
adaptability in Thailand. First, all cows were classified into 8 
groups by average percentage of each breed group (European, India, 
Local). These are called pooled breed groups. Each breed group 
was compiled by the fractions of one-eighth European breeding as 
follows: 0%, 25%, 37%, 50%, 62%, 75%, 87% and 100%, except the 
12% group was omitted due to small numbers of observations. The 
Table 7. Number of cows, coefficients for additive effects in crossbred types, exact per­
centage of breed groups used for data set 2, and average percentage of all breed 
groups and their crosses in first lactation 
Crossbred No. of Additive effects 
a 
types cows European India Local 
1 16 0 1 0 
2 2 .125 .5 .375 
3 1 .15625 .75 .09375 
4 1 .1875 .75 .0625 
5 2 .25 .25 .5 
6 34 .25 .5 .25 • 
7 20 .25 .625 .125 
8 24 .25 .75 0 
9 1 .28125 .625 .09375 
10 1 .3125 .125 .5625 
11 17 .3125 .5 .1875 
12 2 .3125 .5625 .125 
13 5 .3125 .625 .0625 
14 7 .34375 .625 .03125 
15 3 .35938 .625 .01562 
16 1 .375 0 .625 
17 1 .375 .0625 .5625 
18 244 .375 .5 .125 
19 1 .375 .53125 .09375 
20 50 .375 .5625 .0625 
21 20 .375 .625 0 
22 5 .40625 .5 .09375 
23 1 .40625 .5625 .03125 
^Used Model 2 and 3 analysis. 
^Used Model 1 analysis. 
Exact 7o breed 
group (data set 2) 
Average % of the cross 
European India Local } 0 100 0 
> 25 55 20 
37 47 17 
y 
'Used Model 1 analysis. 
Table 7. Continued 
Crossbred 
types 
No. of 
cows 
Additive effects^ 
European India Local 
24 37 .4375 .5 .0625 
25 1 .4375 .53125 .03125 
26 1 .4375 .5625 0 
27 5 .46875 ,5 .03125 
28 1 .46875 .53125 0 
29 118 .5 0 .5 
30 3 .5 .125 .375 
31 126 .5 .25 .25 
32 1 .5 .3125 .1875 
33 8 .5 .375 .125 
34 1 .5 .40625 .09375 
35 1 .5 .4375 .0625 
36 211 .5 .5 0 
37 7 .5625 .25 ,1875 
38 2 .5625 .3125 .125 
39 1 .5625 .34375 .09375 
40 16 .5625 .375 .0625 
41 1 .5625 .40625 .03125 
42 1 .59375 .25 .15625 
43 6 .59375 .375 .03.125 
44 1 .60938 .375 .01562 
45 37 .625 0 .375 
46 2 .625 .0625 .3125 
47 1 .625 .125 .25 
48 127 .625 .25 .125 
49 1 .625 .28125 .09375 
50 34 .625 .3125 .0625 
51 20 .625 .375 0 
52 1 .64062 .3125 .04687 
53 6 .65625 .25 .09375 
54 1 .65625 .28125 .0525 
55 3 .65625 .3125 ,03125 
Exact 7o breed Average % of the cross^ 
group (data set 2) European India Local 
4 
5 
50 
> 
y 
62  
37 
26 
12 
12 
Table 7. Continued 
Crossbred 
types 
No. of 
cows 
Additive effects^ 
European India Local 
56 3 .6875 .1875 .125 
57 3 .6875 .21875 .09375 
58 107 .6875 .25 .0625 
59 2 .6875 .28125 .03124 
60 16 .6875 .28125 .03125 
61 6 .6875 .3125 0 
62 1 .70312 .25 .04687 
63 2 .71875 ,1875 ,09375 
64 1 .71875 ,20312 ,07813 
65 12 .71875 .25 ,03125 
66 1 .73437 .1875 .07812 
67 1 .73437 ,25 .01562 
68 3 .73438 ,25 .01562 
69 340 .75 0 .25 
70 9 ,75 ,0625 ,1875 
71 142 .75 ,125 ,125 
72 8 .75 .1875 ,0525 
73 84 .75 ,25 0 
74 2 ,78125 ,1875 ,03125 
75 19 .8125 0 ,1875 
76 1 ,8125 ,0625 ,125 
77 22 .8125 ,125 ,0625 
78 1 .8125 ,14063 .04688 
79 3 .8125 ,15625 ,03125 
80 1 .8125 . ,1875 0 
81 1 .82812 ,125 .04687 
82 1 ,83594 ,15625 .00781 
83 2 .84375 ,125 .03124 
84 7 .84375 .125 .03125 
85 57 .875 0 .125 
86 1 .875 .03125 .09375 
Exact % breed Average % of the cross 
group (data set 2) European India Local 
10 
11 
12 
75 18 
•v 
13 
Table 7. Continued 
Crossbred 
types 
No. of 
cows 
Additive effects^ Exact °L breed^ 
group (data set 2) 
Average % of the c or OSS 
European India Local European India Local 
87 5 .875 .0625 .0625 
88 1 .875 .125 0 
CO o
o 
5 
89 2 .90625 .0625 .03125 
90 4 .9375 0 .0625 J 
S 
91 41 1 0 0 14 |> 100 0 0 
Total 2,153 
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12% group was put into the 25% group as shown in Tables 7 and 8. 
Secondly, records were used that had exact percentages of breeding 
from European, India and Local breed groups. Only 14 groups of exact 
percentage were chosen out of 91 crossbred types. These 14 groups of 
exact percentage were compared between India and Local breed groups for 
only 50% and 75% European breeding (see Table 9). This group is re­
ferred to as exact percentage breed groups. The other groups could not 
be compared because proportions of India and Local breed groups were not 
equal at different levels of European breeding, as shown in Table 9. 
The 14 groups of exact percentage, however, can be compared for the 
differences among all the crosses by using European breeding as levels 
Table 8. Number of cows in first, second, and third lactation within 
each average percentage of breed groups and their crosses of 
European, India, and Local cattle 
Breed 1st 2nd 3rd 
group % of the cross lactation lactation lactation 
No. European India Local Cows % Cows % Cows % 
1 0 100 0 16 0.74 16 0.96 14 1.34 
2 25 55 20 110 5.11 78 4.67 49 4.68 
3 37 46 17 333 15,47 225 13.48 106 10.12 
4 50 37 13 541 25.13 434 26.00 292 27.89 
5 62 26 12 241 11.19 184 11.03 109 10.41 
6 75 18 7 790 36.69 628 37.63 410 39.16 
7 87 . 8 5 81 3.76 67 4.01 42 4.01 
8 100 0 0 41 1.90 37 2.22 25 2.39 
Total 2,153 1,669 1,047 
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Table 9. Number of cows in first, second, and third lactation within 
each exact percentage of breed groups and their crosses of 
European, India, and Local cattle 
Breed 1st 2nd 3rd 
group 7o of the cross lactation lactation lactation 
No. European India Local Cows 7= Cows % Cows % 
1 0 100 0 16 0.95 16 1.72 14 1,60 
2 25 50 25 34 2.02 23 12.14 14 1.60 
3 37 50 12 244 14.49 162 6.97 74 8,44 
4^ 50 0 50 118 7.01 93 8.25 63 7.18 
5 50 25 25 126 7.48 110 12,44 75 8.55 
6^ 50 50 0 211 12.53 166 2.40 120 13.68 
7 62 0 37 37 2.20 32 7.50 28 3.19 
8 62 25 12 127 7.54 100 5.85 61 6,96 
9 68 25 6 107 6.35 78 21,66 42 4.79 
10^ 75 0 25 340 20.19 289 8.55 216 24,63 
11 75 12 12 142 8.43 114 5,02 70 7,98 
12^ 75 25 0 84 4.99 67 3,52 41 4,68 
13 87 0 12 57 3.39 47 2.77 34 3,88 
14 100 0 0 41 2.44 37 1.20 25 2,85 
Total 1,684 1,334 877 
^Comparison between India and Local breed groups of 50% European 
level. 
^Comparison between India and Local breed groups at 75% European 
level. 
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of comparison. Model 1 will be used to analyze the 8 pooled breed 
groups and 14 groups of exact percentage. The first data set used the 
8 pooled breed groups, Table 8. The second data set used the 14 groups 
of exact percentage, Table 9. 
Additive genetic effects 
Johansson and Rendel (1968) defined the additive effect of a gene 
as the average effect of a gene, also called the average effect of a 
gene substitution. The average effect of a gene is the mean deviation 
from the population average of those individuals which have received 
the gene. 
The three-breed group combinations in Table 7 were also used to 
estimate the additive genetic effects of European, India and Local cows 
of 91 breed groups and their crosses. 
Heterozygotic and homozygotic coefficients 
Diallel crosses were explained in detail by Kempthorne (1956), 
Griffing (1956), Gardner and Eberhart (1966) and Falconer (1982). A 
paper from Gardner and Eberhart (1966) presented a model "for the 
estimation of genetic effects from the diallel cross and related 
populations of a fixed set of random-mating varieties with arbitrary 
gene frequencies at all loci assuming diploid inheritance, two alleles 
per locus and no epistasis." Robison et al. (1980, 1981) and Ruvuna 
et al. (1983) extended the work of Gardner and Eberhart (1966) with 
plants to animal breeding for the dairy cattle crossbreeding project, 
conducted at the Bestville Agriculture Research Center, Maryland, USA, 
Robison et al. (1980, 1981) and Ruvuna et al. (1983) assumed dairy 
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breeds were fixed and randomly mated to produce crosses. Neville 
et al. (1984a, b, c) evaluated the beef rotational crossbreeding 
project at the University of Georgia College of Agriculture, Tifton, 
USA, They considered all breed designations and fractions of breed 
crosses as if they were purebred. Both of these experiments using 
dairy cattle crossbreeding can use the diallel cross approach to ob­
tain the homozygotic and he terozygotic coefficients in the breed crosses. 
Robison et al. (1980, 1981) called the heterozygotic coefficient as 
percentage heterozygosity. 
The data used in this study consisted of 10 breeds of sire and 10 
breeds of dam. The proportion of each breed in the composite breed of 
sire and breed of dam were combined into 3 breed groups for breed of 
sire and 3 breed groups for breed of dam for European, India, and 
Local breeds. The combining allows using the diallel cross approach. 
Thus, the 3 breed groups (European, India, Local) were designated as 
if all breeds and fractions in breed cross were purebreds of a fixed 
set of parent breeds in the diallel cross that were randomly mated. 
The data were combined and treated in a similar way to Robison et al. 
(1980, 1981), Dillard et al. (1980), Ruvuna et al. (1983) and Neville 
et al. (1984a, b, c). 
Obtaining additive. heterozygotic, homozygotic and general heterozygotic 
coefficients 
An example is given for finding additive, homozygotic, heterozygotic, 
and general heterozygotic coefficients for the crosses for 1 sire and 
1 dam. Assuming a composite breed of sire as 0.5 European (E), 0.0 
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India (I) and 0.5 Local (L) mated to a composite breed of dam of 0.25 
European, 0.5 India and 0.25 Local breeds. 
Example 1 .  Obtaining additive genetic coefficients 
When a breed of sire is mated to a breed of dam, the offspring 
receives a sample 1/2 of their genes from the sire and a sample 1/2 
of their genes from the dam. Thus, a composite breed of offspring 
is : 
European = = 0.375 for European additive genetic 
coefficients 
India = ® ^ = 0.25 for India additive genetic coefficients 
Local = ^ 0.25 = q.375 for Local additive genetic coefficients 
Example 2. Obtaining heterozygotic and homozygotic coefficients 
Using the diallel cross approach: 
Dam 
.25E .'51 .25L 
0.5E 
Sire O.OI 
0.5L 
Coefficients from the crosses between breed of sire and breed of 
dam: 
E X E E X I E X L 
I X E I X I I X L 
L X E L X I L X L 
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Dam 
E I L 
E .125 .25 ,125 
Sire I 0 0 0 
L 
.125 .25 .125 
The papers from Robison et al. (1980, 1981), Billard et al. (1980), 
Ruvuna et al. (1983) and Neville et al. (1984a, b, c) in the USA, 
treated the reciprocals the same as the crosses. They combined 
reciprocal cross coefficients, for example, I x E with E x I. Donald 
et al, (1977) analyzing data of a dairy cattle crossbreeding experiment 
in the UK also pooled reciprocal crosses. Long et al. '(1979a, b), 
Stewart et al. (1980), Jenkins et al. (1981) evaluated a five-breed 
diallel cross of Angus, Brahman, Hereford and Jersey at the Texas 
Agricultural Experiment Station, College Station. The reciprocal 
crosses were pooled due to fewer observations. Long et al. (1979a) 
stated that pooling reciprocals prevented partitioning of maternal 
effects. Data with unequal numbers could also cause bias of heterosis 
estimates from the traits that are affected by maternal differences. 
However, the early management of the calves from the diallel cross 
would reduce the maternal effects. Calves of Angus, Brahman and Here­
ford dams remained with their dams until weaning at approximately 3 
months of age. Calves of Holstein and Jersey dams were weaned at 3 to 
7 days and reared by commercial'dairy calf raisers (Long et al., 
1979a). 
The data from this study of cattle crossbreeding had fewer 
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heterozygotic coefficients in the lower off diagonal (I x E, L x E, 
L X I) than heterozygotic coefficients the upper off diagonal (E x I, 
E X L, I X L), see Figure 1. This results from using European 
sires more than India sires and even fewer sires from Local breeds. 
There was a great deal of confounding in the data using both heterozygotic 
coefficients from upper off diagonal and lower off diagonal with ad­
ditive genetic effects and year-season. Thus, combining heterozygotic 
coefficients of the crosses increased the observation in the off diagonal 
cells, see Figure 2. Pooling these crosses in the analysis should give 
reasonable results. 
The following illustrates combining both heterozygotic coefficients 
of the lower off diagonal to the upper off diagonal; 
Dam 
E I L 
E 
Sire I 
L 
The next two figures will show the frequencies of cows in each 
cell in the diallel cross of these data. The zero coefficients for 
some cows, however, are not included in the frequencies in Figures 1 
and 2. The zero coefficients resulted from no crossing among India 
sire breed groups as shown in Example 2. Otherwise, the frequencies 
in each cell of these data will be equal to 2,153 cows in first 
parity. For example, in Figure 1, 848 cows were obtained from the 
.125 .25 .25 
0 .25 
.125 
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Dam 
E I L 
E 
Sire I 
L 
Figure 1. Number of cows with nonzero coefficients in each cell in the 
diallel cross among European (E), India (I), and Local (L) 
breed groups 
E 
Sire I 
L 
Figure 2. Number of cows with nonzero coefficients in each cell when 
combining their heterozygotic coefficients of the lower off 
diagonal with the heterozygotic coefficients of the upper 
off diagonal. (This figure shows combining coefficients, 
not combining frequency) 
crosses between European x India (E x I) breed groups. The other 
frequencies of 1,305 cows (2,153 - 848 = 1,305) had zero coefficients. 
Note the number of cows in the two off diagonals in Figure 1 do 
not sum to the off diagonal in Figure 2. This is because the coeffi­
cients of heterozygosity are not always equal in the two off diagonals 
for a given cow. 
Example 3_. Obtaining general heterozygotic coefficients 
Gregory and Cundiff (1980), Trail and Gregory (1981a), Gregory 
et al. (1982) proposed a mathematical formula to estimate the 
1,274 848 1,282 
805 291 659 
34 25 23 
Dam 
E I L 
1,274 1,516 1,295 
291 671 
23 
1 
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heterozygosity retained in a composite breed based on equal contribu­
tions from breed of sire and breed of dam: 
Heterozygosity retained = 1 - S p .  •  
i ^ 
where p^ is the fraction of each of n breeds used in the pedigree of 
a composite breed. 
Example 3.1. Finding the heterozygosity retained in a composite 
breed based on equal contributions by three breeds from 3/8 breed A,  
3/8 breed B, and 1/4 breed C: 
Heterozygosity retained = 1 - [('|)^ + (g)^ + (^)^] 
= 65.67= 
This mathematical formula can be used only when the expected propor­
tion of genes contributed by breed of sire equals the proportion from 
breed of dam which was the case in Example 3.1. However, in this study, 
the proportion of genes from breeds of sire were not equal to the 
proportion of genes from breeds of dam. This was adjusted to a mathe­
matical formula of Gregory and Cundiff (1980), Trail and Gregory (1981a) 
and Gregory et al. (1982) for computing the heterozygosity retained 
into two cases. Both cases give the same results of heterozygosity 
retained : 
Case 1. Diagonal formula 
n n 
Heterozygosity retained =1- S Z (p.q.) for i = j 
i j ^ 
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Case 2. Off diagonal formula 
n n 
Heterozygosity retained = S S (p.q.) for i 5^ j 
i j ^ 
where is the proportion of the ith breed of sire, and 
q^ is the proportion of the jth breed of dam. 
Example 3.2. This example uses the same information as in Example 
3.1 for finding the heterozygosity retained in a composite breed. The 
contributions are equal for three breeds of sire and three breeds of 
dan: 3/8 breed A, 3/8 breed B and 1/4 breed C. Then, using the 
diallel cross: 
Dam 
A B C  
3/8 3/8 1/4 
3/8 A 
Sire 3/8 B 
1/4 C 
When crossbreeding occurred, the diagonal cells were the homozygotic 
coefficients and the upper off diagonal represented one set of hetero-
zygotic coefficient of the crosses and the lower off diagonal repre­
sented another set of heterozygotic coefficient of the reciprocals. 
Dam (j) 
A B C  
A 
Sire (i) B 
C 
.140625 .140625 .09375 
.140625 .140625 .09375 
.09375 .09375 .09375 
63 
Using Case 1; Diagonal formula to obtain heterozygosity retained: 
n n 
Heterozygosity retained = 1 - S Z (p.q.) for i = j 
i j ^ 
= 1 - (.140625 + .140625 + .09375) 
= 65.6% 
Using Case 2: Off diagonal formula to obtain heterozygosity re­
tained; 
n n 
Heterozygosity retained = E S (p.q.) for i ^ j 
i j ^ 
= (.140625 + .09375 + .09375 + 
.140625 + .09375 + .09375) 
= 65.6% 
Both Cases 1 and 2 yield the same results as in Example 3.1, 
Example 3.3. This example does not consider the contributions 
from breeds of sire equal to breeds of dam. This is relevant to this 
data analysis. Assuming a breed of sire to be 0.5 European (E), 0.0 
India (I), and 0.5 Local (L) and a breed of dam to be 0.25 European, 
0.5 India, and 0.25 Local, and using the diallel cross: 
Dam (j) 
.25E .51 ,25L 
0.5E 
Sire (i) O.OI 
0.5L 
Obtain the coefficients after the crosses in each cell as follows: 
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Dam (j) 
E I L 
E .125 .25 .125 
Sire (i) I 0 0 0 
L .125 .25 .125 
Using Case 1: Diagonal formula to obtain heterozygosity retained: 
n n 
Heterozygosity retained =1- S S (p.q.) for i = j 
i j ^ 
= 1 - [(.125) + 0 + (.125)] 
= 75% 
Using Case 2; Off diagonal formula to obtain heterozygosity re­
tained: 
n n 
Heterozygosity retained = S E (p.q.) for i ^ j 
i j ^ ^  
= (.25 + .125) + (.125 + .25) 
= 75%) 
Thus, both cases gave the same results. 
Heterozygosity retained in first lactation records in these 
data, as illustrated in the previous examples, is shown in Table 10. 
Donald et al. (1977) evaluated heterosis from three purebred crosses 
(Friesian, Ayrshire, and Jersey) and their reciprocals. They used 
the crosses and the reciprocals combined to estimate specific heterosis 
for two-breed crosses. They also estimated heterosis from all crosses 
in combinations and called this combined heterosis or general heterosis. 
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Table 10. Distribution of cows by levels of general heterozygosity 
in first lactation 
General No. of % of Cumulative 
heterozygosity cows cow % of cow 
0 57 2.65 2.65 
0.125 4 0.19 2.83 
0.1875 2 0.09 2.93 
0.25 64 2.97 5.90 
0.3125 9 0.42 6.32 
0.32812 1 0.05 6.36 
0.328125 1 0.05 6.41 
0.34375 2 0,09 6,50 
0.375 46 2.14 8.64 
0.3984375 1 0.05 8.69 
0.40625 9 0.42 9.10 
0.4257813 1 0.05 9.15 
0.4375 3 0.14 9,29 
0.4453125 3 0.14 9.43 
0.484375 6 0.28 9,71 
0.5 652 30.28 39.99 
0.515625 1 0.05 40.04 
0.53125 13 0.60 40,64 
0.5625 71 3.30 43,94 
0.59375 6 0.28 44.22 
0.625 213 9.89 54.11 
0.640625 6 0.28 54.39 
0.65625 1 0.05 54.44 
0.6875 12 0.56 54.99 
0.71875 1 0.05 55.04 
0.75 168 7.80 62.84 
0.78125 1 0.05 62.89 
0.8125 1 0.05 62.94 
0.875 56 2.60 65.54 
0.9375 1 0.05 65,58 
1 741 34.42 100,00 
Total 2,153 
Average of general heterozygosity = 2 (General heterozygosity 
X % of cows)/100 
^ 69.166367 
100 
= 0.69 
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Robison et al. (1980, 1981), Neville et al. (1984a, b, c), Long et al, 
(1979a, b), and Stewart et al. (1980) evaluated the crossbreds from 
the dialiel'cross and estimated heterosis from all the crosses com­
bined and called this average heterosis. Therefore, according to these 
authors, the heterozygosity retained could be called combined 
heterozygosity, general heterozygosity or average heterozygosity. 
Results in Table 10 were necessary to find the average of general 
heterozygosity. The formula and average of general heterozygosity of 
0.69 was given at the bottom of Table 10. Use will be made of this in 
the results and discussion section. 
Age at calving 
Age at calving of cows was calculated from birth dates and freshing 
dates for all cows. Adjusting both complete and incomplete records 
of purebred cows for age differences when their traits are expressed 
is normally required to compare their genetic merit at different 
ages. This is because milk yield increases with increasing age of 
dam until maturity age, plateaus a few years and then production 
shows a slight decline as cows advance further in age (Freeman, 
1973). Hansen et al. (1983) showed a method for age adjustment of 
Holstein yield in first, second and third parity. However, age at 
calving in this study from the straight breeds and mostly from 
their crosses appears to be partly a genetic difference. Thus, no 
age adjustments were made in this production data. Age distribution 
by parity are shown in Table 11. There were many missing observations 
in the subclass for age at calving. The total missing was 44 out of 
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Table 11. Distribution of cows of all breeds and their crosses in 
first, second and third lactation by calving age • 
Calving age 
(year) 
1st lactation 2nd lactation 3rd lactation 
Cows % Cows % Cows 7o 
2 96 4.55 
2-1/2 896 42.49 — — — — 
3 737 34.95 53 3.28 — — 
3-1/2 261 12.38 491 30.37 2 0.20 
4 93 4.41 563 34.82 35 3.47 
4-1/2 12 0.57 316 19.54 256 25.35 
5 12 0.57 111 6.87 313 30.99 
5-1/2 1 0.05 46 2.85 218 21.58 
6 — — 26 1.61 120 11.88 
6-1/2 1 0.05 8 0.50 36 3.56 
7 — — 1 0.06 18 1.78 
7-1/2 - — 1 0.06 9 0.89 
8-9 — — — — 3 0.30 
> 9 1 0.05 • — 
Total 2,109 1,617 1,010 
2,153 observations in first parity, 52 out of 1,669 observations in 
second parity, and 37 out of 1,047 observations in third parity. The 
data were also analyzed by parity. 
Season effects 
To determine difference in milk production due to seasonal changes, 
a fixed season was used grouping months of calving as shown in Table 12. 
Three seasons were used so that the differences among the seasons 
would be maximized. The seasons used were summer season (February to 
May) for season 1, rainy season (June to September) for season-2, and 
cool season (December to January) for season 3 as shown in Table 13. 
There were 39 missing year seasonal subclasses out of 2,153 observations 
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Table 12. Distribution of cows of all breeds and crossbreds in first, 
second and third lactation by month of calving 
Calving 1st lactation 2nd lactation 3rd lactation 
month Cows % Cows % Cows % Season 
1 198 9.37 140 8.64 76 7.52 3 
2 174 8.23 123 7.59 71 7.02 1 
3 252 11.92 127 7.84 76 7.52 1 
4 205 9.69 135 8.33 81 8.01 1 
5 230 10.88 144 8.89 87 8.61 1 
6 176 8.32 139 8.58 74 7.32 2 
7 131 6.19 129 7.96 86 8.51 2 
8 128 6.05 154 9.51 111 10.98 2 
9 157 7.42 186 11.48 97 9.59 2 
10 158 7.47 141 8.70 119 11.77 3 
11 126 5.96 103 6.36 62 6.13 3 
12 179 8.47 99 6.11 71 7.02 3 
Total 2,114 1,620 1,011 
Table 13. Distribution of cows of all breeds and crossbreds in first, 
second and third lactation by month of calving 
Season 
1st lactation 2nd lactation 3rd lactation 
Cows % Cows % Cows % 
1. Summer 861 40.73 529 32.65 315 31,16 
2. Rainy 592 28.00 608 37.53 368 36.40 
3. Cool 661 31.27 483 29.82 328 32.44 
Total 2,114 1,620 1,011 
in first parity, 49 out of 1,669 observations in second parity, and 
36 out of 1,047 observations in third parity. 
Year effects 
Table 14 shows the distribution of cows that calved by year from 
1965 to 1983 for three lactations. Data in first lactation for the 
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Table 14. Distribution of cows of all breeds and their crosses in 
first, second and third lactation by year of calving 
Calving 
year 
1st lactation 2nd lactation 3rd lactation 
Cows % Cows % Cows % 
1965 2 0.10 
1966 16 0.76 2 0.12 — — 
1967 59 2.80 19 1.18 2 0.20 
1968 108 5.12 50 3.09 21 2.08 
1969 182 8.63 106 6.56 41 4.06 
1970 209 9.91 132 8.16 72 7.13 
1971 149 7.07 166 10.27 98 9.70 
1972 202 9.58 124 7.67 124 12.28 
1973 146 6.92 151 9.34 89 8.81 
1974 155 7.35 139 8.60 98 9.70 
1975 223 10.57 126 7.80 85 8.42 
1976 98 4.65 109 6.74 69 6.83 
1977 205 9.72 77 4.76 68 6.73 
1978 184 8.73 156 9.65 51 5.05 
1979 74 3.51 140 8.66 80 7.92 
1980 38 1.80 26 1.61 51 5.05 
1981 58 2.75 41 2.54 26 2.57 
1982 1 0.05 50 3.10 31 3.07 
1983 — — 3 0.19 4 0.40 
Total 2,109 1,617 1,010 
years 1968 to 1981 were used. In second lactation, data from years 
1968 to 1981 were used, and in third lactation, data from years 1969 
to 1980 were used. The reason for discarding the data for these 
years was to have large enough data per subclass to get as good 
adjustment for environmental differences as possible and to avoid 
confounding of breeds and breed groups in the early and late years. 
Also, there were several missing observations in year-of-calving 
subclasses. 
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Days open 
Days open was not recorded directly by the Thai-Danish Dairy 
Farm. Thus, it was necessary to use a constant gestation length of 
280 days subtracted from the length of calving interval to estimate 
days open. Gestation length for normal births do not vary much and 
such variation would be small compared to the long calving intervals 
(Touchberry et al., 1959); 
Milk yield 
All records were for twice-a-day milking of 4% fat-corrected-milk 
(FCM) which was computed by this formula: 
4% FCM in kg = (actual milk yield x 0.4) 
(actual milk yield x % fat) 
+ Ï Ô O ^  ^  
Adjusted milk fat was calculated by this formula: 
Milk fat in kg = actual milk yield x 
No reference could be found from the Thai-Danish Dairy Farm; 
however, this formula was given by the Danish technical advisors 
during the time records had been kept on the farm. 
Milk yield in this study was obtained at 100 days and full 
lactation yield. Milk yield for 100 days was recorded from 3-4 days 
after calving to a complete 100 days or until cows went dry within 
100 days. Full lactation yield was milk yield after calves were born 
3-4 days until cows were dry. Full milk yield was not standardized 
for days in milk. 
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METHODS OF ANALYSIS 
The statistical models included genetic and environmental effects. 
Breed groups, various fractions of additive genetic effects of three 
breed groups (European, India, Local), homozygous and heterozygous 
fractions in the diallel cross, and fractions of general heterozygosity 
were defined as genetic effects. Calving year and season were the major 
sources of environmental variation. 
Analysis of variance to account for unequal subclass numbers using 
least squares analysis has been described by Harvey (1979). Regression 
procedures in the statistical analysis system for linear models used 
the method, of Freund and Little (1981) to determine the significance 
of each effect after adjustment for all other effects. The model that 
included genetic effects, calving year and season as fixed effects 
estimated the differences among the genetic groups free from calving 
year and season. Least squares means were computed for breed groups, 
calving year and season for reproduction and production traits. 
Models for each analysis of these data are: 
Model 1 
Model 1 was used to analyze the 8 pooled breed groups in Table 8 
and for 14 groups of exact percentage in Table 9. The first analysis 
used 8 pooled breed groups and the second analysis 14 groups of exact 
percentage. 
y i j k j  =  ^  +  C .  +  s .  +  
where ^ijicX measurement of reproduction and production 
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traits on the /&th cow of the kth breed group calving 
in the jth season of the ith year, 
(J, is the overall mean, 
is the fixed effect common to each record made in the ith 
calving year, 
Sj is the fixed effect due to the jth season of calving, 
is the fixed effect due to the kth breed groups, for 8 
pooled breed groups in the first analysis and for 14 
groups of exact percentage in the second analysis, and 
e... „ is the residual random error associated with each ijk& 
record. 
Model 2 
A linear regression analysis of reproduction and production traits 
on varying fractions of additive genetic effects (European, India and 
Local breed groups in Table 7) and the fractions of heterozygosity of 
two-breed crosses in Figure 2 were used to estimate the least squares 
solutions for these effects (Robison et al., 1980, 1981; Ruvuna et al., 
1983; Neville et al., 1984a, b, c). 
^ijk ^ + Sj + b^A^ + ^2^2 ^3^3 
+ ^12^^12 + ^13^®13 ^23^®23 ®ijk 
where is the measurement of reproduction and production traits 
on the kth cow calving in the jth season in the ith 
year, 
is the overall mean. 
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is the fixed effect common to each record made in the 
ith year, 
Sj is the fixed effect due to the jth season of calving, 
is the fraction of additive genetic effects of European 
breed groups in which the genes of the European breeds 
were contributed by the parents to the cows (the coeffi­
cients were computed as in Example 1), 
is the fraction of additive genetic effects of India 
breed groups in which the genes of the India breeds 
were contributed by the parents to the cows (the coeffi­
cients were computed as in Example 1), 
A^ is the fraction of additive genetic effects of Local breed 
groups in which the genes of the Local breeds were 
contributed by the parents to the cows (the coefficients 
were computed as in Example 1), 
He^2 Che effect of fractions of heterozygotic loci of 
combinations of two alleles with one allele from breed 1 
and the other allele from breed 2, 
He^g is the effect of fractions of heterozygotic loci of 
combinations of two alleles with one allele from breed 1 
and the other allele from breed 3, 
HSgg is the effect of fractions of heterozygotic loci of 
combinations of two alleles with one allele from breed 2 
and the other allele from breed 3, 
b^, bg, b^ are partial regression coefficients of y^^^ on 
A^, A2, and Ag, 
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^12' ^ 13' ^ 23 partial regression coefficients of 
on He^g, He^g and Hegg, and 
e . i s  t h e  r e s i d u a l  r a n d o m  e r r o r  a s s o c i a t e d  w i t h  e a c h  r e c o r d ,  
ijk 
The additive and heterozygotic effects are assumed fixed. 
The breed groups additive effects in Model 2, for additive 
effects of European, for additive effects of India, and A^ for 
additive effects of Local were computed as deviation from A^ for 
Local breeds to obtain solutions. This model produces a singular matrix, 
since A^ + Ag + A^ = 1. Thus, it was necessary to impose a restriction 
which was chosen to be A^ = 0. This caused the breed groups additive 
effects for European (A^) and India (A^) to be expressed as deviation 
from Local breeds (A^). Robison et al. (1981) pointed out this 
procedure provided results similar to those obtained by estimating 
each breed group solution, equating it to its genetic expectation, 
weighting each solution by the number of observations and solving the 
system of equations. Data were confound in this analysis among 
additive genetic effects, heterozygotic effects and year-season. 
The results, therefore, were not reasonable. However, combining 
specific heterozygotic coefficients to estimate general heterozygosity 
will be shown under Model 3. 
Model 3 
Instead of using the effects of fractions of heterozygous 
loci between the two-breed crosses as in Model 2, this model estimates 
the effects of fractions of the general heterozygosity in Table 10, 
and additive genetic effects defined in Table 7. 
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^ijk + b^A^ + <^122^^123 '"' ®ijk 
The mathematical definitions were described under Model 2, except: 
where ^®123 Che effect of fractions of general heterozygotic 
loci of combinations of three alleles, one of which 
comes from breed groups 1, 2 and 3, and 
^123 the partial regression coefficient of y^j^ on He^gg-
Model 4 
A linear regression procedure was used to fit all reproduction 
and production traits on the varying homozygotic and heterozygotic 
coefficients in the three-breed group diallel cross using European, 
India and Local breed groups. The illustration of using data under 
this model was in Figure 2. 
y^jk = M- + + b^Ho^^ + l32^°22 ^3^°33 
+ ^13^^13 ^23^^23 ®ijk 
Definition of the elements of this model were described for 
Model 2J except: 
where the varying fraction of homozygotic effects of breed 
group 1 (straightbred European) resulting from mating 
of straightbred European parents (where the coefficients 
were computed by the multiplication between the coeffi­
cients of European breed groups of sire and the coeffi­
cients of European breed groups of dam in the diallel 
cross as in Example 2), 
HO22 is the varying fraction of homozygotic effects of breed 
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group 2 (straightbred India) resulting from mating of 
straightbred India parents (where the coefficients were 
computed by the multiplication between the coefficients 
of India breed groups of sire and the coefficients of 
India breed groups of dam in the diallel cross as in 
Example 2), 
is the varying fraction of homozygotic effects of breed 
group 3 (straightbred Local) resulting from mating of 
straightbred Local parents (where the coefficients were 
computed by the multiplication between the coefficients 
of Local breed groups of sire and the coefficients of 
Local breed groups of dam in the diallel cross as in 
Example 2), and 
2» b^ are the partial regression coefficients of y^^^ 
on 5 HO22J ^^33" 
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RESULTS AND DISCUSSION 
Means and their standard errors can be very useful in describing 
and characterizing population parameters. Means and their standard 
errors for reproduction traits in parities one, two and three 
within each percentage of 8 pooled breed groups of European, India 
and Local breed groups are presented in Tables 15, 16 and 17, 
respectively. Tables 18, 19 and 20 show means and their standard 
errors for reproduction traits in parities one, two and three within 
exact percentages of groupings of the three breed groups. 
Means and their standard errors for production traits in parities 
one, two and three within each percentage of 8 pooled breed groups 
are represented in Tables 21, 22 and 23. Means for production traits 
and their standard errors of 14 groups of exact percentages in parities 
one, two and three are represented in Tables 24, 25 and 26, respectively. 
Most means and their standard errors for both reproduction and 
production traits varied among subclasses due to the proportions of 
European breeding in all breed groups and their crosses. The standard 
errors of means were larger for the higher and lower percentages of 
European breed groups which can be explained by 1) there were fewer 
observations in the higher and lower subclasses of European percentage 
breed groups than the intermediate groups; 2) there were larger differences 
between the minimum and maximum values of each variable, and there was 
greater variation from less cows culling or selection during the 
period of expanding the herd size of the farm. 
Table 15. Means and standard errors for reproduction traits in first parity for 8 pooled 
breed groups of European, India and Local breed groups and their crosses 
^ 1st Lactation Calving 
Breed group calving length interval 
European India Local age (mo) Days open (days) Days dry (days) 
% °/o % Mean SE Mean SE Mean SE Mean SE Mean SE 
0 100 0 36 1.5 187 28.6 153 48.9 302 48.1 467 28.6 
25 55 20 35 0.7 158 13.7 193 14,8 214 17.3 438 13.7 
37 46 17 33 0.3 164 7.7 196 7.9 218 8.8 444 7.7 
50 37 13 30 0.2 145 5.4 259 5.2 144 6.3 424 5.3 
62 26 12 32 0.4 174 8.7 290 8,6 144 9.9 454 8.6 
75 18 7 32 0.2 173 4.6 313 4.2 124 4.3 453 4.6 
87 8 5 32 0.6 158 12.2 295 11,4 132 16.1 438 12.2 
100 0 0 29 0.6 187 23.4 345 23,3 90 10.7 467 23.4 
^Eight pooled breed groups (see Tables 7 and 8). 
Table 16. Means and standard errors for reproduction traits in second parity for 8 pooled 
breed groups of European, India and Local breed groups and their crosses 
2nd Lactation Calving 
Breed group calving length interval 
European India Local age (mo) Days open (days) Days dry (days) 
°L % % Mean SE Mean SE Mean SE Mean SE Mean SE 
0 100 0 51 1.7 227 54.4 164 27.1 363 46.5 507 54.4 
25 55 20 49 1.3 152 15.7 204 13.5 223 27.6 432 15.7 
37 46 17 48 0.4 141 8.7 203 9.2 196 11.2 421 8.7 
50 37 13 44 0.3 127 5.1 260 4.6 118 5.0 407 5.1 
62 26 12 47 0.6 141 8.5 264 10.5 137 9.7 421 8.5 
75 18 7 46 0.3 144 4.8 296 4.3 113 4.6 423 4.8 
87 8 5 45 0.8 161 18.5 302 14.9 107 18.9 441 18.5 
100 0 0 45 1.3 125 16.4 306 18.4 98 19.2 405 16.4 
^Eight pooled breed groups (see Tables 7 and 8). 
Table 17. Means and standard errors for reproduction traits in third parity for 8 pooled 
breed groups of European, India and Local breed groups and their crosses 
3rd Lactation Calving 
Breed group calving length interval 
European India Local age (mo) Days open (days) Days dry (days) 
% % % Mean SE Mean SE Mean SE Mean SE Mean SE 
0 100 0 68 3.4 149 29.7 154 28.7 289 50.3 429 29,7 
25 55 20 64 1.6 143 16,7 194 18.2 219 24,5 423 16,7 
37 46 17 63 0.7 123 12.5 210 15.7 220 17,2 403 12.5 
50 37 13 56 0.4 119 6.7 259 5,3 121 6,7 399 6,7 
62 26 12 59 0.8 154 13.8 286 10.5 133 15.9 434 13.8 
75 18 7 60 0.4 158 7.5 293 5,3 132 6,6 438 7.5 
87 8 5 58 1.2 191 25.6 311 19,0 139 25,9 471 25,6 
100 0 0 57 1.4 118 15.8 323 15,1 133 43,2 398 15,8 
^Elght pooled breed groups (see Tables 7 and 8). 
Table 18. Means and standard errors for reproduction traits in first parity for 14 groups of 
exact percentages of European, India and Local breed groups and their crosses 
1st Lactation Calving 
Breed group calving length interval 
European India Local age (mo) Days open (days) Days dry (days) 
7o 7o 7o Mean SE Mean SE Mean SE Mean SE Mean SE 
0 100 0 36 1.5 187 28.6 153 • 49.0 302 48,1 467 28.6 
25 50 25 33 0,9 140 24.5 180 25.1 201 25,6 420 24.5 
37 50 12 33 0.3 154 8.7 189 9.2 212 10.6 434 8.7 
50 0 50 29 0,3 110 9.5 253 8.2 102 9.2 390 9.5 
50 25 25 29 0.4 134 10.3 248 8.8 138 11.2 411 9.9 
50 50 0 31 0.4 163 9.0 279 9.2 150 11.0 443 9.0 
62 0 37 29 0.6 118 15.5 295 13.7 91 14.5 398 15.5 
62 25 12 32 0.6 184 11.3 292 12.0 148 13.5 464 11.3 
68 25 6 33 0.7 159 12.3 312 13.2 141 14.3 439 12,3 
75 0 25 30 0.3 154 6.1 297 5.3 110 5.1 434 6.1 
75 12 12 32 0.5 201 12.6 320 10.3 145 12.4 481 12.6 
75 25 0 34 0.7 199 14.2 322 14.9 129 12.7 479 14.2 
87 0 12 31 0.6 146 14.5 292 11.7 115 16.0 426 14.5 
100 0 0 29 0.7 187 23.4 345 23,3 90 10.7 467 23.4 
^Fourteen groups of exact percentages (see Tables 7 and 9). 
Table 19. Means and standard errors for reproduction traits in second parity for 14 groups 
of exact percentages of European, India and Local breed groups and their crosses 
2nd Lactation Calving 
Breed group calving length interval 
European India Local age (mo) Days open (days) Days dry (days) 
% % 7o Mean SE Mean SE Mean SE Mean SE Mean SE 
0 100 0 51 1.7 227 54.4 164 27.1 363 46.5 507 54.4 
25 50 25 47 1.6 166 33.5 213 22.7 218 49.6 446 33.5 
37 50 12 47 0.5 133 10.2 203 10.9 191 13.8 413 10.2 
50 0 50 41 0.4 107 8.1 275 8.2 94 7.4 387 8.1 
50 25 25 42 0.5 108 7.5 241 8.1 123 8.0 388 7.5 
50 50 0 45 0.5 150 9.7 272 7.9 121 8.6 430 9.7 
62 0 37 42 0.8 114 .12.6 277 15.4 102 11.3 394 12.6 
62 25 12 48 0.8 149 11.6 279 15.2 138 13.5 429 11.6 
68 25 6 47 0.9 115 10.4 279 14.2 137 19.4 395 10.4 
75 0 25 44 0.4 133 6.3 299 5.3 100 5.2 413 6.3 
75 12 12 48 0.7 162 12.8 287 11.6 120 12.9 442 12.8 
75 25 0 50 1.1 191 17.2 316 14.4 129 14.4 471 17.2 
87 0 12 44 0.7 163 21.3 318 16.4 99 20,3 443 21.3 
100 0 0 45 1.3 125 16.4 306 18.4 98 19.2 405 16.4 
^Fourteen groups of exact percentages (see Tables 7 and 9). 
Table 20. Means and standard errors for reproduction traits in third parity for 14 groups of 
exact percentages of European, India and Local breed groups and their crosses 
3rd Lactation Calving 
Breed group calving length interval 
European India Local age (mo) Days open (days) Days dry (days) 
% °L % Mean SE Mean . SE Mean SE Mean SE Mean SE 
0 100 0 68 3.4 149 29.7 154 28.7 289 50.3 429 29.7 
25 50 25 63 2.7 186 33.7 209 26.5 237 47.5 466 33.7 
37 50 12 63 0.9 132 16.9 214 19.6 217 20.1 412 16.9 
50 0 50 . 54 0.6 95 10.8 257 7.6 97 13.4 375 10.8 
50 25 25 54 0.7 116 13.3 261 9.6 120 9.0 396 13.3 
50 50 0 58 0.7 134 10.7 272 8.8 137 11.6 414 10.7 
62 0 37 55 1.0 144 20.2 293 13.8 117 23.4 424 20.2 
62 25 12 61 1.0 168 21.3 279 15.1 147 24.9 448 21.3 
68 25 6 59 1.1 177 23.8 285 21.3 138 22,2 457 23.8 
75 0 25 58 0.5 156 9,2 304 6.9 123 8,0 436 9.2 
75 12 12 62 1.0 137 17,6 268 11.9 141 18.5 417 17.6 
75 25 0 65 1,5 174 35.1 279 20.2 138 22.8 454 35.1 
87 0 12 57 1.3 188 29.0 330 16.5 139 30.7 468 29.0 
100 0 0 57 1.4 118 15.8 323 15.1 133 43.2 398 15.8 
^Fourteen groups of exact percentages (see Tables 7 and 9). 
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Means and Standard Errors of Reproduction Traits 
Age at first calving for halfbred European breed groups in Table 
15 averaged 30 months and was shorter than both higher and lower European 
percentages. A similar result was reported in India by Rao and Taneda 
(1982b), except for the 100% European breed group. Further, average 
age at first calving of 30 months for halfbred Europeans in this study 
was intermediate compared to some other countries. Age at first 
calving for halfbred Jersey-Zebu in Sri Lanka was 33 months (Buvanendran 
and Mahadevan, 1975). Age at first calving for halfbred Holstein-
Sahiwal in the northern part of India was 31.5 months and 32.5 months 
in the southern part (Rao and Taneda, 1982b). Age at first calving 
for halfbred Jersey-Sindhi was 27.5 months in the USA (McDowell et al., 
1976a). 
Age at.calving in second and third parities (Tables 16 and 17 for 
8 pooled breed groups) was lowest for halfbred European cattle. A 
similar result was for age at calving in second and third parities 
for 14 groups of exact percentages (Tables 19 and 20), Age at 
calving in second and third parities increased as percentages of 
European breed groups decreased, and/or slightly increased as deviated 
from 50% to 100% European breeding. 
Halfbred European breeds for average age at first calving was in 
the range of 29 to 31 months (Table 18). Dairy cattle from higher 
percentages of India breed groups were delayed 2 months in age at 
first calving compared to the Local breed groups at 50% European 
breed groups. Also, the Local breed groups were 4 months less at 
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age at calving than India breed groups at 50% European breeding in 
second and third parities (Tables 19 and 20), 
Average age at first calving for India (purebred Sindhi) was 36 
months or approximately 8 months greater than 100% European breeding 
(29 months) (Table 15); or somewhere around 6-12 months beyond the 
average age at first calving of the dairy breeds in the USA (McDowell 
et al., 1961, 1976a; Hollon et al., 1967). The average for the 
India breed groups was shorter by 6-7 months than Sahiwal (40.15 
months) and Sindhi (41.7 months) in India, as reported by Bhat (1974). 
It should be possible to reduce age at first calving in the 
tropical breeds by giving adequate nutrition and management to young 
females (Mahadevan, 1966; Katpatal, 1978). This seems true as age at 
first calving of the 100% India breed (purebred Sindhi) in this study was 
reduced drastically as feeding and management were highly standardized. 
Average days open and days dry show greater reduction for the 
intermediate percentage European breed groups in first, second and 
third parities (Tables 15, 16 and 17) than higher or lower percentage 
European breeding. 
Average lactation length for pure tropical breeds in first, 
second and third parities for 8 pooled breed groups (Tables 15, 16 and 
17) and for 14 groups of exact percentage (Tables 18, 19 and 20) ranged 
from 153 to 164 days. Lactation length increased to the average of more 
than 300 days for all three parities as the proportion of European 
breed groups increased to 100%. This resulted in a marked improvement 
in lactation length for all the crossbred groups. 
Calving interval is composed of days open plus gestation length. 
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There was about the same average length of calving interval between 
the lower and higher percentages of European breed groups in first 
parity, 438 days for 25% and 87% European breed groups and 467 days 
for 07o and 100% European breed groups (Table 15) . Considering all 
three parities in various percentages of -European breeding of 8 
pooled breed groups (Tables 15, 16 and 17) and 14 groups of exact 
percentages (Tables 18, 19 and 20), the halfbred European breed 
groups tended to have the shortest average calving intervals. 
Means and Standard Errors of Production Traits 
Mean and standard errors of milk yield in first parity for 100 
day and full lactation yield for 8 pooled breed groups are shown in 
Table 21. Milk production, milk fat and fat-corrected milk (FCM) 
generally.increased as the proportion of European breeding increased. 
Tables 22 and 23 show the average milk production, milk fat and 
fat-corrected milk in second and third parities. Milk production 
increased as percentages of European breeding increased. Further­
more, milk yield, milk fat and FCM were expected to increase with 
parity or advanced age of cows; however, milk production, milk fat 
and FCM for 100% European cattle in second parity for full lactation 
yield were slightly less than first parity. 
Most fat percentages averaged more than 4% in all three parities, 
except cows in first and third parity at 0% European level. Fat 
percentage decreased as European percentage increased. 
Table 21. Means and standard errors for 100 day yield, lactation 
length and full lactation yield in first parity for 8 
pooled breed groups of European, India and Local breed 
groups and their crosses 
Breed group a 100 day 
Euro­ India Local Milk Fat Milk fat FCM 
pean 
% 
% % (kg) % (kg) (kg) 
Mean SE Mean SE Mean SE Mean SE 
0 100 0 342 110.93 3.7 0.31 14.2 5.04 350 119.43 
25 55 20 554 34.75 4.3 0.08 24.1 1.52 586 36.51 
37 46 17 532 17.85 4.5 0.05 24.6 0.98 566 18.63 
50 37 13 723 14.50 4.5 0.04 32.2 0.63 767 14.51 
62 26 12 716 16.88 4.4 0.04 31.2 0.76 750 17.27 
75 18 7 780 9.04 4.3 0.02 33.0 0.40 809 9.44 
87 8 5 726 30.37 4.2 0.07 29.7 1,24 752 31.91 
100 0 0 966 64.70 4.1 0.08 39.3 2.47 976 62.18 
^ight pooled breed groups (see Tables 7 1
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Lactation Full lactation 
length Milk Fat Milk fat FCM 
(days) (kg) % (kg) (kg) 
Mean SE Mean SE Mean SE Mean SE Mean SE 
153 48.94 798 342.22 3.8 0.35 38.4 18.34 896 410.98 
193 14.79 1175 118.71 4.6 0.08 54.0 5.49 1302 130.77 
196 7.92 1119 54.57 4.6 0.05 52.9 2.61 1231 60.31 
259 5.19 1638 48.19 4.9 0.04 78.6 2.25 1828 52.98 
290 8.57 1781 66.81 4.7 0.04 84.3 3.15 1977 73.95 
313 4.20 2055 36.25 4.6 0.02 94.1 1,69 2232 39.61 
295 11.36 1903 95.30 4.5 0.07 85.9 4.52 2051 106.18 
345 23.31 2714 235.73 4.4 0.08 118.3 9.87 2841 410.98 
Table 22. Means and standard errors for 100 day yield, lactation 
length and full lactation yield in second parity for 8 
pooled breed groups of European, India and Local breed 
groups and their crosses 
Breed groupé 100 day 
Euro- India Local Milk Fat Milk fat FCM 
pean % % 
% 
(kg) % (kg) (ks) 
Mean SE" Mean SE Mean SE Mean SE 
0 100 0 626 108.54 4.7 0.48 27.8 4.85 667 115.26 
25 55 20 771 49.35 4.5 O.IO 33.4 2.20 815 51.73 
37 46 17 727 25.98 4.4 0.06 31.6 1.11 765 26.68 
50 37 13 978 17.95 4.3 0.04 41.9 0.77 1015 18.47 
62 26 12 865 27.62 4.4 0.06 37.7 1.19 915 29.04 
75 18 7 966 13.60 4.3 0.03 40.5 0.56 1002 13.95 
87 8 5 966 43.50 4.1 0.07 38.8 1.75 969 42.92 
100 0 0 1075 64.56 4.4 0.11 49.0 2.04 1127 65,86 
^ight pooled breed groups (see Tables 7 and 8). 
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Lactation Full lactation 
length Milk Fat Milk fat FCM 
(days) (kg) % (kg) (kg) 
Mean SE Mean SE Mean SE Mean SE Mean SE 
164 27.09 932 217.86 4.9 0.57 42.2 9.95 1007 235 .57 
204 13.52 1405 125.95 4.6 0.10 64.8 5.86 1469 135 .56 
203 9.17 1322 73.42 4.6 0.06 60.1 3.29 1420 78 .43 
260 4.64 1973 47.79 4.6 0.04 89.7 2.20 2140 51 .44 
264 10.46 1894 88.81 4.7 0.06 86.0 4.13 2050 97 .03 
296 4.27 2195 42.74 4.5 0.03 98.1 1.87 2333 45 .71 
303 14.93 2363 145.57 4.4 0.06 102.5 6.42 2477 153, .05 
306 18.36 2537 214.07 4.5 0,10 149.4 34.64 2710 236, .97 
Table 23. Means and standard errors for 100 day yield, lactation 
length and full lactation yield in third parity for ,8 
pooled breed groups of European, India and Local breed 
groups and their crosses 
Breed group 100 day 
Euro- India Local Milk Fat Milk fat FCM 
pean % % 
% 
(ke) % (kg) (ks) 
Mean SE Mean SE Mean SE Mean SE 
0 100 0 438 66.96 3.8 0.25 17.1 2.61 429 67.33 
25 55 20 796 67.98 4.5 0.12 35.0 2.94 844 70.45 
37 46 17 833 47.58 4.4 0.08 36.2 2.11 879 47.74 
50 37 13 1121 22.29 4.3 0.04 48.4 0.95 1171 22.73 
62 26 12 1045 36,68 4,2 0.07 43.9 1.64 1076 39.09 
75 18 7 1074 17.33 4,1 0.03 43.6 0.74 1079 17.06 
87 8 5 1083 59.08 4,1 0.10 45.4 2.82 1127 66.49 
100 0 0 1122 44.04 4,1 0.10 46.4 2.04 1145 46,46 
^ight pooled breed groups (see Tables 7 and 8). 
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Lactation Full lactation 
length Milk Fat Milk fat FCM 
(days) (kg) % , (kg) (kg) 
Mean SE Mean SE Mean SE Mean SE Mean SE 
154 28.65 755 145.66 4.0 0.25 32.6 7.08 863 195,03 
194 18.24 1370 158.21 4.6 0.13 65.0 7.88 1501 177.33 
210 15.70 1475 124.92 4.5 0,08 66.3 5.56 1594 132.85 
259 5.32 2175 62.95 4.6 0.04 96.6 2.78 2336 66.24 
286 10.48 2277 116.08 4.5 0.06 101.9 5.19 2440 123.46 
293 5.28 2392 59.33 4.4 0.04 104.1 2.60 2526 62.41 
311 19.05 2681 216.14 4.5 0.10 118.3 9.71 2847 231.36 
323 15.08 2746 123.76 4.3 0.10 119.0 6.91 2870 151.37 
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Tables 24, 25 and 26 for 14 groups of exact percentages show the 
means and standard errors of milk yield. Yield for 100 day and full 
lactation yield from 14 groups of exact percentages increased as propor­
tion of European breeding increased. These results are similar to 
those shown in Tables 21, 22 and 23. 
The comparison of milk production and FCM for 100 day and full 
lactation yield (Tables 24, 25 and 26) with a constant 50% European 
level showed 50% India breed groups gave more milk yield than 50% Local 
breed groups in first, second and third parities. With 62% European 
level held constant, 25% India breed groups and 12% Local breed groups 
gave less milk yield than 37% Local breed groups for all three parities. 
The same was true at 75% European level; 25% Local breed groups pro­
duced more milk yield than 25% India breeds in second and third parity, 
but less than India breed groups in first parity. 
Model 1 
The least squares analysis of variance for 8 pooled breed groups 
and 14 groups of exact percentages for reproduction traits are pre­
sented in Tables 27 and 28. The analysis of production traits of 8 
pooled breed groups and 14 groups of exact percentages are shown in 
Tables 29 and 30. 
Environmental Effects 
The analyses generally showed important effects of year of calving. 
These effects were probably due to nutritional differences in the 
Table 24. Means and standard errors for 100 day yield, lactation 
length and full lactation yield in first parity for 14 
groups of exact percentages of European, India and Local 
breed groups and their crosses 
Breed groupé 100 day 
Euro- India Local Milk Fat Milk fat • FCM 
pean % % 
7= 
(ks) % (ks) (kg) 
Mean SE Mean SE Mean SE Mean SE 
0 . 100 0 342 110.93 3.7 0.31 14.2 5.04 350 119,43 
25 50 25 505 58.68 4.5 0.15 22.0 2.62 532 62.28 
37 50 12 507 19.74 4.5 0.06 23.0 0.93 536 20.82 
50 0 50 673 29.31 5.0 0.12 32.5 1.31 757 30.61 
50 25 25 715 28.91 4.7 0.10 32.8 1.28 778 30.20 
50 50 0 789 22.40 4.3 0.06 33.7 0.96 814 21.90 
62 0 37 745 37.22 4.6 0.10 33.3 1.43 798 •35.29 
62 25 12 738 21.88 4.3 0.05 31.7 1.05 765 22,72 
68 25 6 759 27.31 4.3 0,06 33.1 1.29 801 30,09 
75 0 25 782 13.31 4.3 0.04 33.2 0.57 809 13,50 
75 12 12 777 19.18 4.2 0.05 32.6 0.87 801 21,25 
75 25 0 815 30.33 4.3 0.09 33.9 1.26 834 30.49 
87 0 12 76-3 34.98 4.2 0.08 31.4 1.43 777 34.59 
100 0 0 966 64.70 4.1 0.08 39.3 2.47 976 62.18 
^Tourteen groups of exact percentages (see Tables 7 and 9). 
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Lactation ] Full lactation 
length Milk Fat Milk fat FCM 
(days) (kg) % (kg) (kg) 
Mean SE Mean SE Mean SE Mean SE Mean SE 
153 48.94 798 342.22 3.8 0.35 38.4 18.34 896 410,98 
180 25.07 1049 180.22 4.8 0,14 50.0 8,96 1170 205,84 
189 9.21 1057 61.10 4.6 0.05 50.0 2.92 1153 67,24 
253 8.24 1415 83.18 5.3 0.09 73.6 3.92 1669 91.50 
248 8.78 1436 86.07 5.0 0.09 71.7 4.18 1622 97.81 
279 9.22 1933 82.67 4.7 0.05 89.1 3.89 2112 90.99 
295 13.68 1957 152.91 4.9 0.11 94.2 6,80 2196 161.41 
293 12.05 1801 90.17 4.7 0.05 84.2 4.22 1984 99.87 
312 13.22 2092 104.76 4.7 0.05 98.8 5.20 2300 . 120,05 
297 5.28 1971 51.56 4.6 0.04 89.4 2,34 2135 55.73 
320 10.32 2085 83.82 4.6 0.05 94.4 3,70 2233 85.22 
322 14.86 2203 124.45 4.6 0.07 101.9 6.00 2417 140.22 
292 11.86 1951 109.76 4.5 0.07 87.5 5.25 2088 121.63 
346 23.31 2714 235.73 4.4 0.08 118.3 9,87 2841 238.37 
Table 25. Means and standard errors for 100 day yield, lactation 
length and full lactation yield in second parity for 14 
groups of exact percentages of European, India and Local 
breed groups and their crosses 
Breed groupé 100 dav 
Euro- India Local Milk Fat Milk fat FCM 
pean % % 
% 
Ckg) % (kg) (ke) 
Mean SE Mean SE Mean SE Mean SE 
0 100 0 626 • 108.54 4.7 0.48 27.8 4.85 667 115.26 
25 50 25 753 95.69 4,8 0.21 34.9 4.37 825 102.02 
37 50 12 741 30.85 4.4 0.07 31,8 1.29 772 31.33 
50 0 50 921 37.55 4.5 0.11 41.6 1.66 992 38.84 
50 25 25 957 37.17 4.4 0.08 41.5 1.72 1008 39.84 
50 50 0 1044 26.66 4.2 0,06 43.5 1.14 1067 26.91 
62 0 37 1100 53.83 4.3 0.11 46.6 2.18 1159 59.82 
62 25 12 848 33.46 4.5 0.09 37.2 1.48 896 34.98 
68 25 6 873 36.23 4.4 0.09 38.1 1,50 923 36.02 
75 0 25 1010 19.32 4.2 0.04 42.1 0.80 1048 20.67 
75 12 12 937 33.24 4.2 0.06 38.8 1.39 963 32.92 
75 25 0 1008 38.36 4.3 0.09 42.6 1.40 1043 35.17 
.87 0 12 1023 41.99 3.9 0.07 40.5 1.76 1017 42.13 
100 0 0 1075 64.56 4.4 0.11 49.0 2.04 1127 65.86 
fourteen groups of exact percentages (see Tables 7 and 9). 
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Lactation Full lactation 
length Milk Fat Milk fat FCM 
(days) (kg) % (kg) (kg) 
Mean SE Mean SE Mean SE Mean SE Mean SE 
165 27.09 932 217.86 4.9 0.57 42.2 9.95 1007 235.57 
214 22.72 1479 247.02 4.8 0.19 68.6 11.01 1621 262.39 
203 10.94 1329 86.74 4.5 0.07 59.9 3,88 1420 92,13 
275 8.23 1973 93.22 4.9 0.08 95.7 4.29 2225 100,14 
241 8.10 1776 86.95 4.7 0.08 82,7 4.01 1954 94,35 
272 7.88 2153 77.88 4.4 0.05 94.0 3.59 2283 84,04 
278 15.38 2287 206.77 4.5 0.12 101,3 8,85 2435 214.58 
280 15.15 1941 115,59 4.7 0.08 88,6 5,55 2119 129,04 
280 14.18 1872 108.64 4.7 0.09 86.5 4,97 1965 113.19 
299 5.26 2330 57.71 4.5 0.04 103.5 2.52 2482 62.49 
288 11.57 2147 106.17 4.5 0.06 95.3 4,67 2283 113,16 
317 14.40 2339 143.49 4.5 0.08 103,7 6.03 2450 150.95 
318 16.40 2533 142.60 4.3 0.06 110.1 6,39 2657 150.97 
306 18.36 2537 214.07 4.5 0.10 149.4 34,64 2710 236,97 
Table 26. Means and standard errors for 100 day yield, lactation 
length and full lactation yield in third parity for 14 
groups of exact percentages of European, India and Local 
breed groups and their crosses 
Breed group a 1 100 dav 
Euro­ India Local Milk Fat Milk fat FCM 
pean 
% 
7= % (kg) 7c (kg) (kg) 
Mean SE Mean SE Mean SE Mean SE 
0 100 0 438 66.96 3.8 0.22 17.1 2.61 429 67.33 
25 50 25 955 94.64 4.5 0.17 42.4 3.13 1018 98.59 
37 50 12 836 58.50 4.4 0.08 35.7 2.73 879 59.18 
50 0 50 1033 40.75 4.6 0.10 47.6 1.89 1130 43.27 
50 25 25 1191 37.76 4.3 0.09 51.4 1.76 1248 39.82 
50 50 0 1166 32.81 4.2 0.06 49.0 1.40 1194 33.70 
62 0 37 1202 59.84 4.2 0.13 51.0 2.62 1251 61.04 
62 25 12 958 47.53 4.3 0.10 40.6 2.20 987 52.09 
68 25 6 982 48.93 4.1 0.09 40.6 2.14 1002 50.72 
75 0 25 1120 22.51 4.1 0.04 44.9 0.93 1116 22.25 
75 12 12 1064 45.66 4,0 0.07 43.4 2.12 1063 44.09 
75 25 0 1037 60.14 4.3 0.12 43.3 2.41 1064 58.77 
87 0 12 1141 49.28 4.0 0.09 47.3 2.77 1182 62.09 
100 0 0 1122 44.04 4.1 0.10 46.4 2.04 1145 46.46 
^Fourteen groups of exact percentages (see Tables 7 and 9). 
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Lactation Full lactation 
length Milk Fat Milk fat FCM 
(days) (kg) % Ckg) (kg) 
Mean SE Mean SE Mean SE Mean SE Mean SE 
154 28.65 755 145.66 4.0 0.25 32 . 6 7.08 863 195,03 
209 26.48 1673 221.94 4.9 0.19 85 .7 11.26 1886 246,57 
215 19.63 1448 145.85 4.5 0.07 65 .8 6,52 1580 155,53 
258 7.57 2052 108.15 5.0 0.10 96 .9 4.99 2314 113.31 
261 9.59 2144 117.96 4.6 0.08 94 .1 5.44 2318 124,86 
272 8.81 2373 100.40 4.3 0.05 103 .5 4.39 2492 107,49 
293 13.84 2568 194.79 4.6 0.08 116 .3 7.85 2772 194.80 
279 15.11 2081 155.21 4.4 0.09 92 .1 6,99 2213 165.70 
285 21.28 2048 177.56 4.3 0.09 88 .9 7.99 2162 190.73 
305 6.92 2558 80.14 4.4 0.05 111 .7 3.47 2709 83.39 
268 11.89 2226 135.16 4.4 0.07 96 .3 5.95 2339 142.51 
279 20.20 2228 218.05 4.5 0.14 95 .7 9,43 2355 233,18 
330 16.53 2869 194.65 4,3 0.07 123 .5 8,81 3000 210.19 
323 15.08 2746 123,76 4.3 0.10 119. 0 6,91 2870 151.37 
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Table 27. F-values and test of significance in least squares analysis 
of reproduction traits for 8 pooled breed groups of Euro­
pean, India and Local breed groups and their crosses 
Calving Days Lactation Days Calving 
Source d. f. age open length dry interval 
• 
Parity 1 
Breed group 7 5.4** 2.1* 34.9** 13.1** 2.2* 
Calving year 13 29.6** 10.2** 3.9** 10.6*^' 10.3** 
Season 2 2.4 1.0 0.5 2.1 1.1 
Error (MS) 1437^-2005 27 11,546 15,092 13,853 11,469 
Parity 2 
Breed group 7 2.8** 1.9 16.9** 15.6** 1.9 
Calving year 13 26.9** 6.7** 2.0* 4.9** 6.3** 
Season 2 3.9* 1.1 0.9 0.7 1.4 
Error (MS) 9013-1236 40 7,838 10,060 9,614 7,807 
Parity 3 
Breed group 7 3.1** 3.2** 7.7** 3.0** 3, 1** 
Calving year 11 24.8** 1.7 5.4** 6.1 1.7 
Seas on 2 5.5** 0.5 0.01 1.4 0.5 
Error (MS) 563^-905 43 11,187 8,499 11,311 11,187 
^ange of degrees of freedom. 
*P < .05. 
< .01. 
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Table 28. F-values and test of significance in least squares analysis 
of reproduction for 14 groups of exact percentages of Euro­
pean, India and Local breed groups and their crosses 
Calving Days Lactation Days Calving 
Source d.f. age open length dry interval 
Parity 1 
Breed group 13 2.4** 2.5** 16.6** 5.8** 2.6** 
Calving year 13 19.9** 6.4** 2,9** 8.4** 6.5** 
Season 2 1.6 0.2 0.6 0.8 0.2 
Error (MS) 1141^-1543 24 11,156 14,060 12,583 11,090 
Parity 2 
Breed group 13 3.5** 2.6** 8.6** 7.3** 2.6** 
Calving year 13 21.6** 5.3** 1.8* 3.3** 5. 3** 
Season 2 4.2* 0.4 0.6 1.5 0.4 
Error (MS) 7553-1011 36 7,820 9,469 8,779 7,820 
Parity ' 3 
Breed group 13 3. 9** 1.6* 4.0** 1.6+ 1.8* 
Calving year 11 20.7** 1.4 4.9** 6.4** 1.4 
Season 2 4.6** 0.4 0.1 0.4 0.4 
Error (MS) 4983-616 39 11,611 8,059 11,183 11,611 
^ange of degrees of freedom. 
< .10. 
*P < .05. 
**P < .01. 
Table 29, F-values and test of significance in least squares analysis of production traits for 8 
pooled breed groups of European, India and Local breed groups and their crosses 
100 day Full lactation 
Milk Fat Milk FCM Milk Fat Milk FCM 
(kg) 7o fat (kg) (kg) % fat (kg) 
Source d. f, (kg) (kg) 
Parity 1 ' 
Breed group 7 25.4** 10.5** 14.2** 21.8** 32.0** 7.3** 27.2** 29.0** 
Calving year 13 6. 0** 8.3** 5.6** 6.9** 3.0** 13.1** 4.1** 3.7** 
Season 2 0.9 1.5 0.8 0.4 0.1 1.2 0.3 0.2 
Error (MS) 1827^-1830 73,608 0.5 156 77,645 971,037 0.5 2,118 1,165,725 
Parity 2 
Breed group 7 9.3** 3.1** 7.9** 8.2** 16.4** 1.0 15.4** 15.4** 
Calving year 13 10.1** 9.5** 6.4** 7.7** 4.8** 13.2** 2.4** 3.3** 
Season 2 3.7* 1.1 3. 3* 3.2* 1.9 2.5+ 2.7+ 2,2+ 
Error (MS) 12033-1264 95,519 0.5 176 104,066 844,128 0.4 2,023 990,112 
Parity 3 
Breed group 7 5. 7** 3. 9** 5.6** 5.6** 6. 7** 1.1 6.0** 6, 0** 
Calving year 11 11.5** 4. 8** 5.4** 8.0** 9,5** 5.2** 7.7** 8.8** 
Season 2 0.3 0.5 0.6 0.3 0.3 2.7+ 0.3 0.3 
Error (MS) 6873-733 95,677 0,3 197 103,651 857,998 0.3 1,740 972,930 
^Range of degrees of freedom. 
< .10. 
"P < ,05. 
**P < ,01, 
Table 30. F-values and test o£ significance in least squares analysis of production traits for 
14 groups of exact percentages of European, India and Local breed groups and their 
crosses 
100 day Full lactation 
Milk Fat Milk FCM Milk Fat Milk FCM 
(kg) 7o fat (kg) (kg) % fat (kg) 
Source d.f. (kg) (kg) 
Parity 1 
Breed group 13 15.7** 7.6** 10.0** 13.4** 17.8** 6. 5** 14.9** 16.2** 
Calving year 13 5.8** 6.0** 5.6** 6. 0** 2.8** 11.3** 3.8** 3.4** 
Season 2 1.2 0.5 0.6 0.7 0.4 2.1. 0.6 0.4 
Error (MS) 1393^-1400 67,483 0.5 133 71,719 920,831 0.4 2,014 1,102,097 
Parity 2 
Breed group 13 7. 0** 3.4** 4.9** 5.4** 9.4** 4.0** 8.2** 8.3** 
Calving year 13 9, 2** 9.1** 5.7** 6.5** 3, 1** 13.2** 1.5+ 1.9** 
Season 2 3.9* 1.1 3. 9* 3.8* 1.5 2.1 2.1 1.9 
Error (MS) 9783-1022 87,282 0.4 162 95,895 810,011 0.3 2,004 951,330 
Parity 3 
Breed group 13 3. 9** 3.1** 3. 3** 3. 6** 4. 0** 3.3** 3.4** 3.3** 
Calving year 11 9.0** 4.3** 3.6** 5. 7** 7.8** 5. 1** 5.8** 6.9** 
Season 2 0.6 0.8 1.0 0.7 0.4 3.1* 0.2 0.3 
Error (MS) 5863-623 86,306 0 . 3  187 95,815 827,284 0.3 1,667 941,223 
^ange of degrees of freedom. 
*P < .05. 
**P < .01. 
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quality and quantity of feed available to the animals, different climatic 
conditions such as temperature and humidity, change in management prac­
tices and differential occurrence of parasites and diseases in different 
years. The animals were grazed on farm pastures or given silage when 
it was available. The latter depended on rainfall which varied from 
one year to another. All these effects could have contributed to the 
year variations. 
The season effects in this study were not large enough to show 
that differences in precipitation, temperature, relative humidity and 
nutritional change among seasons significantly affected most traits. 
Seasonal differences were not consistently different over years. How­
ever, fat-corrected milk of full lactation yield in first parity 
resulted in a higher yield of 1,945 kg for the summer season (February 
to May) than the rainy season (June to September) of 1,890 kg and 
cool season (October to January) of 1,904 kg. The values given were 
least squares means from Model 1, 
Schneeberger et al. (1982) evaluated the effects of three seasons 
(February to May, June to September, October to January) on Jamaica 
Hope cows. Seasonal differences were relatively small (132 kg or 5% 
differences among seasons, P < .10), Thus, seasonal changes in milk 
yield were considered to result from fluctuations in availability of 
feed supply, 
McDowell at al, (1976c) found that first lactations of Holsteins 
calving in January and February had larger milk yields (17%), fat 
percent (7%) and breeding efficiency (-32 days open) than cows calving 
in July and August, Cows calving during the other eight months were 
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intermediate in these traits. Climatic conditions appeared to have the 
greatest influence in the first 60 days of lactation. During this 
period, the high temperatures restricted feed intake causing a rapid 
utilization of body tissues, and after 60 days lactation, feeding was 
the primary environmental variable limiting performance irrespective 
of climate. 
Breed Group Effects 
Breed groups were a statistically significant source of variation 
for almost all reproduction and production traits for 8 pooled breed 
groups (Tables 27 and 28) and 14 groups of exact percentages (Tables 29 
and 30). 
Reproduction Traits 
Age at calving 
Least squares means for age at first calving from the different 
proportions of European breed groups decreased as the proportions of 
European breeding increased from 0% European breeding (35 months) to 
50% European breeding (31 months). But, age at first calving in­
creased slightly to 87% European breeding (33 months) as shown in 
Table 31, This result indicated that even a small percentage of genes 
from European breeding, from 0% to 37% European breed groups, had a 
marked influence decreasing age at first calving by 3 months. 
Pure European breed groups had the mean age at first calving of 
31 months, which was the same as 50% European breed groups (Table 31). 
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This result was similar for the 14 groups of exact percentages (Table 
34) for all three groups of 50% European breed groups calving at 
31 months. 
Least squares means for age at second and third calving for 50% 
European breed groups were the lowest compared to other levels of 
European percentages except for 68% European breed groups in second 
and third parities (Tables 35 and 36). Age for second and third 
parities showed a similar trend in reducing age at calving as genes 
from European breeding increased, as was the case for first calving 
age. Age at first calving of Red Sindhi cows in this study was 
reduced by high feeding standards and sufficient management compared 
to 41.7 months for the average age at first calving of Red Sindhi in 
India (Bhat, 1974). McDowell (1972) mentioned that in Red Sindhi, the 
onset of estrus was reduced from 795 to 726 days by improved feeding. 
Age at calving from crossbreeding in this study for ail three 
parities appeared to be reduced between 37 and 62% European breeding. 
Days open 
Least squares means for days open for 8 pooled breed groups in 
first parity are shown in Table 31. Days open was lowest for the 25% 
European breed groups (149 days) and the highest was 100% European breed 
groups (191 days). The 50% European breed groups were intermediate 
(168 days). In second parity (Table 32), the least squares means of 
days open were not much different among the crosses. They varied 
from 140 days for 50% European breeding to 172 days for 87% European 
breeding; 0% European breeding was 210 days and 147 days for 100% 
Table 31. Least squares means and standard errors for reproduction traits in first parity 
for 8 pooled breed groups of European, India and Local breed groups and their 
crosses 
1st Lactation Calving 
Breed group calving length interval 
European India Local age (mo) Days open (days) Days dry (days) 
% % % LSM SE LSM SE LSM SE LSM SE LSM SE 
0 100 0 35 1.38 172 27.93 158 34.22 283 31.64 452 27.84 
25 55 20 34 0.52 149 13.67 196 12.89 203 14.56 429 13.63 
37 46 17 32 0.32 156 8.61 198 7.83 205 8.81 436 8.58 
50 37 13 31 0.25 168 6.35 263 6.21 162 6.64 447 6.34 
62 26 12 32 0.35 179 8.55 292 8.53 . 142 9.12 459 8.52 
75 18 7 32 0.20 184 5.02 318 4,94 131 5.26 464 5.01 
87 8 5 33 0.59 179 13.99 303 14.41 151 15.35 459 13.94 
100 0 0 31 0.87 191 20.19 355 21.46 91 22.35 471 20.13 
^Eight pooled breed groups (see Tables 7 and 8). 
Table 32. Least squares means and standard errors for reproduction traits in second parity 
for 8 pooled breed groups of European, India and Local breed groups and their 
crosses 
2nd Lactation Calving 
Breed group calving length interval 
European India Local age (mo) Days open (days) Days dry (days) 
7„ 7o 7o LSM SE LSM SE LSM SE LSM SE LSM SE 
0 100 0 49 1.77 210 25.87 161 30.46 340 28.60 492 25.82 
25 55 20 47 0.79 144 14.14 205 13.76 216 15.86 423 14.12 
37 46 17 46 0.47 136 9.94 211 8.77 182 10.21 416 9.92 
50 37 13 45 0.34 140 6.17 258 5.91 126 6.50 419 6.15 
62 26 12 46 0.51 137 9.38 265 9.09 129 9.91 417 9.36 
75 18 7 47 0.28 150 5.09 295 5.02 117 5.42 428 5.08 
87 8 5 46 0.83 172 14.36 307 14.18 117 16.01 451 14.33 
100 0 0 46 1.24 147 20.22 304 21.68 109 22.28 426 20.18 
^ight pooled breed groups (see Tables 7 and 8). 
Table 33. Least squares means and standard errors for reproduction traits in third parity 
for 8 pooled breed groups of European, India and Local breed groups and their 
crosses 
3rd Lactation Calving 
Breed group calving length interval 
European India Local age (mo) Days open (days) Days dry (days) 
7o 7= % LSM SE LSM SE LSM SE LSM SE LSM SE 
0 100 0 62 2.00 141 32.59 173 31.14 273 34.43 421 32.59 
25 55 20 61 1.04 133 22.58 212 17.42 198 22,58 413 22.58 
37 46 17 60 0.73 105 17.60 229 11.91 184 16.86 385 17.60 
50 37 13 58 0.43 126 8.88 243 6.68 142 8.74 406 8.88 
62 26 12 59 0.71 160 14.58 285 11.31 141 13.68 440 14.58 
75 18 7 60 0.35 161 7.36 281 5.79 148 7.28 441 7.36 
87 8 5 60 1.09 196 21.89 300 17.49 163 22.31 476 21.89 
100 0 0 60 1.49 133 28.85 305 22.11 160 26.31 413 28.85 
^ight pooled breed groups (see Tables 7 and 8). 
Table 34. Least squares means and standard errors for reproduction traits in first parity 
for 14 groups of exact percentages of European, India and Local breed groups and 
their crosses 
1st Lactation Calving 
Breed group calving length interval 
European India Local age (mo) Days open (days) Days dry (days) 
% 7o 7o LSM SE LSM SE LSM SE LSM SE LSM SE 
0 100 0 35 1.28 168 27.56 158 33.12 279 30.25 448 27.48 
25 50 25 33 0.89 139 23.70 176 22,61 201 25.80 419 23.63 
37 50 12 32 0.37 147 10,47 189 9.29 201 10.45 427 10.44 
50 0 50 31 0.59 150 15.06 247 14,74 141 15.87 431 15,02 
50 25 25 31 0.54 176 13.01 245 13.17 177 13.84 453 13,02 
50 • 50 0 31 0.36 171 9.26 279 8,99 154 9.40 452 9.24 
62 0 37 31 0.90 163 20.82 298 22.03 139 22.42 444 20.76 
62 25 12 32 0.46 179 11.55 296 11.46 138 11.94 459 11,52 
68 25 6 31 0.50 144 13.09 308 12.55 122 13.00 424 13,05 
75 0 25 32 0.34 181 8.48 302 8.41 136 8.81 461 8,45 
75 12 12 32 0.44 206 11.10 323 11.04 151 11.52 486 11,06 
75 25 0 33 0.55 194 13.63 328 13.54 115 13.99 474 13.59 
87 0 12 33 0.68 173 16.35 299 17.10 141 17.77 453. 16,31 
100 0 0 31 0.85 194 20.19 356 20.99 93 21.64 474 20,13 
^Fourteen groups of exact percentages (see Tables 7 and 9). 
Table 35. Least squares means and standard errors for reproduction traits in second parity 
for 14 groups of exact percentages of European, India and Local breed groups and 
their crosses 
^ 2nd Lactation Calving 
Breed group calving length interval 
European India Local age (mo) Days open (days) Days dry (days) 
7o 7o 7o LSM SE LSM SE LSM SE LSM SE LSM SE 
0 100 0 48 1.68 203 26.05 162 29.69 335 27.52 483 26.05 
25 50 25 48 1.30 164 24.00 208 22.72 223 26.30 444 24.00 
37 50 12 46 0.53 130 12.01 208 10.35 182 11.84 410 12.01 
50 0 50 46 0.74 143 13.83 271 13.08 113 14.20 423 13.83 
50 25 25 46 0.66 133 12.81 237 11.60 134 13.51 413 12.81 
50 50 0 46 0.50 155 8.87 273 8.47 122 8.94 435 8.87 
62 0 37 47 1.14 149 18.83 290 19.64 110 19.85 429 18.83 
62 25 12 47 0.66 128 12.68 275 11.82 128 12.71 408 12.68 
68 25 6 44 0.77 104 15.43 280 13.68 119 14.83 384 15.43 
75 0 25 48 0.42 153 7.66 297 7.54 111 7.91 433 7.66 
75 12 12 48 0.61 160 12.00 282 10.97 125 12.54 440 12.00 
75 25 0 49 0.78 185 14.74 321 14.31 121 14.71 465 14.74 
87 0 12 47 0.91 181 16.07 319 15.53 109 17.15 461 16.07 
ICQ 0 0 47 1.17 150 20,44 306 21.19 106 21.47 430 20.44 
^Fourteen groups of exact percentages (see Tables 7 and 9). 
Table 36. Least squares means and standard errors for reproduction traits in third parity 
for 14 groups of exact percentages of European, India and Local breed groups and 
their crosses 
3rd Lactation Calving 
• Breed group calving length interval 
European India Local age (mo) Days open (days) Days dry (days) 
7o % 7o LSM SE LSM SE LSM SE LSM SE LSM SE 
0 100 0 61 1.91 144 33.72 181 30.64 265 34.81 424 33.73 
25 50 25 61 1.69 169 34.87 226 27.54 210 34.13 449 34.87 
37 50 12 60 0.82 110 21.21 229 13.68 183 19.72 390 21.21 
50 0 50 59 0.92 115 19.79 230 14.53 152 19.08 395 19.79 
50 25 25 59 0.85 129 17.45 230 13.25 170 17.32 409 17.45 
50 50 0 59 0.62 132 12.76 262 9.73 145 12.44 412 12.76 
62 0 37 60 • 1.31 158 24.17 268 20.24 164 24.65 438 24.17 
62 25 12 59 0.89 172 22.10 284 14.81 147 18.93 452 22.10 
68 25 6 55 1.11 181 26.35 298 19.60 118 25.67 461 26.35 
75 0 25 61 0.49 165 10.76 282 7.9U 162 10.29 445 10.76 
75 12 12 62 0.80 127 17.37 256 13.30 154 17.43 407 17.37 
75 25 0 63 1.11 168 25.36 267 18.20 134 22.90 448 25.36 
87 0 12 60 1.13 196 24.01 311 18.93 178 24.52 476 24.01 
100 0 0 60 1.42 134 29.77 302 21.75 170 26.48 414 29.77 
^Fourteen groups of exact percentages (see Tables 7 and 9). 
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European breeding. Results of days open in third parity ranged from 
the lowest of 105 days for 37% European breed groups to the highest of 
196 days for 87% European breed groups (Table 33). 
•As cows advanced in age, they tended to have shorter days open. 
Days open tended to decrease for lower percentages of European breed 
groups from 25% to 50% (Tables 31, 32 and 33); however, among higher 
European percentages, from 62% to 87%, days open appeared to increase 
in third parity. Days open for 100% European breed groups was shorter 
than for 75% and 87% European breed groups in second and third parities 
(Tables 32 and 33). This result could be biased. More attention was given 
to heat detection to the pure European breed groups compared with the 
crossbred cows. 
India breed groups tended to have longer days open than the Local 
breed groups when compared at 50% and 75% European levels in all 
three parities (Tables 34, 35 and 36). 
Killers et al. (1984) found that Holstein cows in third and later 
lactation had lower reproductive performance than cows in first and 
second lactation, and conception rate is low if cov7s are bred before 
50 days. McDowell et al. (1976b) stated that days open contributed 
less than 4% of the variation in milk yield for Hols teins in Mexico. 
McDowell (1982) pointed out that crossbreds tended to be better than 
purebreds in return to normal estrus cycle following parturition. 
Donald and Russell (1968) also found that purebred (Friesian, Ayrshire, 
Jersey) females were more difficult to get pregnant than contemporary 
crossbreds. They were 10% more likely to conceive than purebreds. 
Bar-Anan and Soiler (1979) in Israel found that 70-100 days open for 
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heifers and 30-50 days open for cows resulted in the highest annual 
milk production for Hols teins. Olds et al. (1979) indicated that as 
days open increased, days in milk also increased as did milk yield, 
but average milk per day decreased resulting in less income over feed 
cost; Gill and Allaire (1975) stated that 124 days open gave the maximum 
profit per day and herd life for Holsteins. 
Days open in this study for crossbreds with lower percentage, 25% 
to 50%, European breeding appeared that they conceive easier than higher 
percentages of European breed groups, even though higher percentage 
European breed groups might have received preferential treatment 
than lower percentage European breed groups in these data. 
Lactation length 
Least squares means of lactation length for 8 pooled breed groups 
in first, second and third parities are shown in Tables 31, 32 and 33. 
Results for the 14 groups of exact percentages in all three parities 
are shown in Tables 34, 35 and 36. Lactation length increased as 
percentages oi European breeding increased. These results are similar 
for first lactation to those of Madalena et al. (1982) who reported on 
a well-managed group of Holsteins crossed to the Zebu breeds in Brazil. 
The shortest lactation length in this study was 0% European breed 
groups ranging from 158, 161 and 173 days for first, second and third 
parity; the highest was the 87% and 100% European breed groups which 
ranged from 300 to 355 days across all three parities. 
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Days dry 
Days dry depends on lactation length and tends to be reduced as 
percentages of European breeding rises for all three parities of 8 
pooled breed groups (Tables 31, 32 and 33) and 14 groups of exact 
percentages (Tables 34, 35 and 36). Smith and Legates (1962) and 
Schaeffer and Henderson (1972) pointed out that days dry for Hols teins 
is almost totally an environmental effect. Gill and Allaire (1975) 
found that 42 days dry gave the maximum profit per day and herd life. 
Hillers et al. (1984) mentioned that previous days dry did not affect 
conception rate to first service. Days dry for crossbred cows in this 
study probably depends more on genetic effects and less on environmental 
effects than in temperate countries. There are very large differences 
in days dry in crossbred and purebred cattle in the tropics. 
Calving interval 
Calving intervals for different European breed groups did not 
show consistent trends and were more than 400 days for the 8 pooled 
breed groups (Tables 31, 32 and 33). Calving intervals tended to be 
shorter for the European percentages grouping between 25% to 50% in 
first parity (Table 31), 37% to 62% in second parity (Table 32) and 
25% to 50% in third parity (Table 33). For the 14 groups of exact 
percentages, calving intervals tended to be shorter for the per­
centages of European breed groups between 25% to 68% in first parity 
(Table 34), 37% to 68% in second parity (Tablé 35), and 37% to 50% 
in thira parity (Table 36). 
Calving interval in first parity was longer than second and 
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third parities. The cows in third parity had shorter calving 
intervals than second parity. Trail and Gregory (1981a, c; 1982) 
suggested that younger cows probably had higher nutritive requirements' 
for growth instead of lactation and maintenance. The longer calving 
intervals for the older cows could be due to greater stress and ability 
to cope with nutrition related to their ages. Also, some culling 
could have been on calving intervals. 
Crossbred cows in this study tended to have shorter calving 
intervals for the lower European percentage breed groups, which fol­
lowed the shorter days open. Thus, the lower European percentage 
breed groups, 25% to 62%, are likely better adapted in the humid 
tropics than the higher percentages in reproductive fitness. 
Production Traits 
Milk yield 
Least squares means fof production traits (milk, % fat, milk fat 
and 4% FCM) for 8 pooled breed groups in parities one, two and three 
are presented in Tables 37, 38 and 39. The 14 groups of exact percentages 
in first, second and third parities are shown in Tables 40, 41 and 42. 
The general trend of the least squares means for fat percentage 
decreased as proportion of European breeding increased. Tropical 
breeds (India and Local breed groups) tended to have higher fat per­
centages in the lower European percentages of breeding in all three 
parities, but the amount of milk and 4% fat-corrected milk was smaller 
than the higher percentages of European breeding. Furthermore, fat 
Table 37. Least squares means and standard errors for production 
traits in first parity for 8 pooled breed groups of 
European, India and Local breed groups and their crosses 
100 day 
Breed group Milk Fat Milk fat F CM 
European India Local (kg) % (kg) (kg) 
% % 7o LSM SE LSM SE LSM SE LSM SE 
0 100 0 371 75.63 3.74 0.21 15.45 3.49 384 77,68 
25 55 20 575 28.93 4.46 0.08 25.59 1.33 619 29.71 
37 46 17 551 17.53 4.63 0.05 26.14 0.81 599 18.00 
50 37 13 712 14.27 4.57 0.04 31.88 0.66 761 14.66 
62 26 12 715 18.70 4.43 0.05 31,08 0.86 752 19.20 
75 18 7 775 11.03 4.31 0.03 32.97 0.51 809 11.33 
87 8 5 710 32.47 4.20 0.09 29.01 1.50 735 33,35 
100 0 0 931 49.68 4.10 0.14 38.06 2.29 947 51.03 
^ight pooled breed groups (see Tables 7 and 8). 
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Full lactation 
Milk Fat Milk fat FCM 
(kg) % (kg) (kg) 
LSM SE LSM SE LSM SE LSM SE 
846 274.64 3.90 0.19 40.53 12,83 952 300.91 
1197 103.59 4.69 0.07 55.81 4.84 1344 113.51 
1135 63.58 4.76 0.04 54.49 2.97 1267 69.67 
1661 50.93 4.86 0.04 79.10 2.38 1849 55.81 
1792 69.48 4.74 0.05 84.10 3.24 1981 76.13 
2065 40.47 4.66 0.03 94.88 1.89 2250 44.35 
1911 117.94 4.56 0.08 86.46 5.51 2063 129.22 
2673 177.71 4,44 0.12 117.69 8.30 2815 194.71 
Table 38. Least squares means and standard errors for production 
traits in second parity for 8 pooled breed groups of 
European, India and Local breed groups and their crosses 
100 day 
a ' 
Breed group Milk Fat Milk fat FCM 
European India Local (kg) % (kg) (kg) 
7o % % LSM SE LSM SE LSM SE LSM SE 
0 100 0 639 94.08 4.65 0.21 28.09 4.04 679 98,20 
25 55 20 790 42.16 4.54 0.09 34.88 1.18 843 44,01 
37 46 17 751 25.99 4.53 0.06 33.38 1.12 800 27,13 
50 37 13 943 18.69 4.42 0.04 41.11 0.80 988 19,51 
62 26 12 887 27.81 4.45 0.06 38.70 1.20 939 . 27.03 
75 18 7 949 15.45 4.32 0.03 40,36 0.66 992 16.12 
87 8 5 941 43.38 4.19 0.10 38.78 1.86 959 45,28 
100 0 0 990 68.20 4.51 0.15 46,63 2.93 1054 71.19 
^ight pooled breed groups (see Tables 7 and 8). 
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Full lactation 
Milk Fat Milk fat FCM 
(kg) % Ckg) (kg) 
LSM SE LSM SE LSM SE LSM SE 
1048 292.57 4.85 0.20 46.94 14.32 1135 316.86 
1409 126.26 4.67 0.09 66.33 6.18 1487 136.74 
1362 80.19 4.63 0.05 63.42 3.93 1480 86,85 
1909 55.12 4.64 0.04 87.45 2.70 2081 59.70 
1942 84.66 4.62 0.06 87.47 4.14 2101 91.69 
2158 46.68 4.56 0.03 97.15 2.29 2309 50.56 
2353 133.36 4.49 0.09 104.31 6.53 2502 144.43 
2365 219,66 4.61 0.15 144.26 10.75 2567 237.90 
Table 39. Least squares means and standard errors for production 
traits in third parity for 8 pooled breed groups of 
European, India and Local breed groups and their crosses 
Breed groupé 100 day 
Euro­ India Local Milk Fat Milk fat FCM 
pean 
% 
7o % (kg) % (kg) (ke) 
LSM SE LSM SE LSM SE LSM SE 
0 100 0 483 110.39 3.88 0,21 19.49 5.00 478 114.90 
25 55 20 859 57.45 4.43 0.11 36.80 2.60 897 59.80 
37 46 17 929 38.80 4.37 0.07 39.65 1.76 973 40.39 
50 37 13 1060 22.37 4.34 0.04 46.06 1.01 1109 23.28 
62 26 12 1025 36.71 4.27 0.07 43.58 1.66 1062 38.21 
75 18 7 1044 18.82 4.12 0.04 42.61 0.85 1049 19.59 
87 8 5 978 55.16 4.18 0.10 41.91 2.50 1033 57.42 
100 0 0 1022 76.20 4.23 0.14 42.99 3,45 1059 79.31 
^ight pooled breed groups (see Tables 7 and 8). 
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Full lactation 
Milk Fat Milk fat FCM 
(kg) % (ks) (kg) 
LSM SE LSM SE LSM SE LSM SE 
991 331.06 4,15 0.20 43.85 14.91 1134 352.53 
1559 175.14 4.58 0.11 72.36 7.89 1693 • 186.50 
1711 119.01 4.47 0.07 75.61 5.36 1836 126.74 
1992 68.93 4.51 0.04 88.46 3.10 2130 73.40 
2249 116.53 4.52 0.07 101.39 5.25 2416 124.09 
2268 59.29 4.41 0.04 99.23 2.67 2399 63.13 
2427 181.90 4.51 0.11 107.59 8.19 2576 193.70 
2484 228.45 4.41 0.14 109.40 10.29 2613 243.27 
Table 40. Least squares means and standard errors for production 
traits in first parity for 14 groups of exact percentages 
of European, India and Local breed groups and their crosses 
100 day 
a ' 
Breed group Milk Fat Milk fat FCM 
European India Local (kg) % (kg) (kg) 
7o % % LSM SE LSM SE LSM SE LSM SE 
0 100 0 375 72.61 3.70 0.20 15.43 3.23 387 74.85 
25 50 25 505 49.50 4.61 0,14 22.61 2,20 541 51.03 
37 50 12 531 20.45 4.61 0.06 24.66 0.91 570 21.08 
50 0 50 624 35.99 4.99 0.10 30,29 1,60 703 37,10 
50 25 25 678 31.32 4.71 0.09 31.41 1.39 740 32,29 
50 50 0 778 19.90 4.39 0.05 33.58 0.89 808 20.52 
62 0 37 697 49.72 4.55 0.14 31,13 2,21 746 51,26 
62 25 12 744 24.84 4.37 0.07 32,11 1.11 776 25,61 
68 . 25 6 775 26.97 4.30 0.07 33,31 1.20 814 27,80 
75 0 25 750 18.64 4.35 0.05 32.15 0,83 780 19.22 
75 12 12 783 23.91 4.31 0.07 33,33 1.06 815 24.65 
75 25 0 825 30.00 4.30 0.08 34.27 1,33 845 30,93 
87 0 12 731 38.01 4.21 0,10 30.21 1.69 746 39.19 
100 0 0 925 48.14 4.13 0.13 38,06 2.14 941 49.63 
^Fourteen groups of exact percentages (see Tables 7 and 9), 
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Full lactation 
Milk Fat Milk fat FCM 
(kg) % (kg) (kg) 
LSM SE LSM BE LSM SE LSM SE 
861 268,16 3.86 0.18 40.53 12.54 958 293.37 
1019 183,11 4.92 0.12 48:98 8.56 1148 200,33 
1074 75.99 4.70 0.05 51,16 3.55 1189 83.13 
1358 125.25 5.24 0.08 70,25 5.86 1594 137,02 
1416 112.10 4.97 0.08 69.53 5.24 1599 122.63 
1912 73.90 4.72 0.05 88.13 3.46 2093 80,85 
1923 186,46 4.85 0.13 92.56 8.72 2158 203,99 
1836 93.29 4.71 0.06 85.26 4.36 2019 102,06 
2122 101.21 4.66 0.07 97.87 4.73 2300 110,73 
1936 69,46 4.68 0.05 89,01 3.25 2119 75.99 
2089 89.78 4.68 0.06 95.38 4.20 2255 98,22 
2245 111.83 4.67 0.08 103.96 5.23 2466 122.34 
1905 140.75 4.58 0.10 86.62 6.58 2059 153.98 
2665 175.34 4.51 0.12 118.55 8.10 2824 191,82 
Table 41. Least squares means and standard errors for production 
traits in second parity for 14 groups of exact percentages 
of European, India and Local breed groups and their crosses 
a 
100 day 
Breed group Milk Fat Milk fat FCM 
European India Local (kg) % (kg) (kg) 
7= 7o 7, LSM SE LSM SE LSM SE LSM SE 
0 100 0 664 90.43 4.58 0,20 28.68 3.90 692 94.79 
25 50 25 782 69.02 4.91 0.15 37.06 2.97 868 72.34 
37 50 12 768 30.04 4.47 0.07 33.68 1.29 808 31.49 
50 0 50 774 42.02 4.67 0.10 36.76 1.81 866 44.04 
50 25 25 871 37.20 4.52 0.08 39.21 1.60 942 39.00 
50 50 0 1031 25.74 4.29 0.06 43.50 1.11 1060 26.98 
62 0 37 943 61.77 4.53 0.14 42.13 2.66 1034 64.74 
62 25 12 907 35.10 4.44 0.08 39.32 1.51 952 36.79 
68 25 6 955 40.68 4.27 0.09 40.40 1.75 988 42.64 
75 0 25 915 22,58 4.38 0.05 39.63 0.97 975 23.67 
75 12 12 922 32.79 4.34 0.07 38.93 1.41 958 34.37 
75 25 0 1063 41.22 4.25 0.09 44.31 1.78 1088 43.20 
87 0 12 944 46.63 4.12 0.10 38.77 2.01 966 48.87 
100 0 0 979 65.43 4.54 0.15 46.49 2.82 1051 68.58 
fourteen groups of exact percentages (see Tables 7 and 9). 
LSM 
1065 
1455 
1829 
1797 
1639 
2125 
2190 
2020 
2035 
2184 
2079 
2429 
2435 
2371 
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Full lactation 
Milk Fat Milk fat FCM 
(kg) % (kg) (kg) 
SE LSM SE LSM SE LSM SE 
287.85 4.79 0.19 46.75 14.32 1138 311.95 
210.18 4.89 0.14 68.14 10.46 1602 227.78 
95.12 4.54 0.06 61.23 4.73 1427 103.08 
126.22 5.00 0.08 90.06 6.23 2081 136.79 
110.70 4.73 0.07 77.27 5.51 1832 119.97 
78.44 4.66 0.05 93.50 3.90 2265 85,01 
188.72 4.63 0.12 100.98 9.39 2400 204.53 
110.22 4.62 0.07 89.72 5.48 2178 119.45 
125.63 4.47 0.08 90.04 6.25 2095 136.14 
71.07 4.62 0.05 99.58 3.54 2374 77.02 
101.77 4.52 0.07 92.73 5.06 2222 110.30 
131.51 4.50 0.09 106.50 6.54 2530 142.52 
148.37 4.44 0.10 108.14 7.38 2595 160.79 
216.66 4.65 0.14 145.49 10.78 2592 234.80 
Table 42. Least squares means and standard errors for production 
traits in third parity for 14 groups of exact percentages 
of European, India and Local breed groups and their crosses 
Breed groupé 100 day 
Euro­ India Local Milk Fat Milk fat FCM 
pean 
% 
% % Cke) % (kg) (kg) 
LSM SE LSM SE LSM SE LSM SE 
0 100 0 509 105.58 3.85 0,20 20.49 4.91 502 111,25 
25 50 25 983 94.10 4.50 0.17 43.64 4.37 1043 99.15 
37 50 12 909 43.91 4.32 0.08 39.04 2.04 946 46.27 
50 0 50 932 48.42 4.58 0.09 43.26 2.25 1026 51.02 
50 25 25 1078 46.19 4.39 0.09 47.40 2.15 1143 48.67 
50 50 0 1121 30.91 4.21 0.06 47.46 1.44 1152 32.57 
62 0 37 1058 67.53 4.33 0.13 46.17 3.14 1122 71.16 
62 25 12 1001 45.60 4.26 0.08 42.34 2.12 1032 48.05 
68 25 6 1089 60.17 4.04 0.11 44.24 2.80 1095 63.40 
75 0 25 1024 25.29 4.15 0.05 41.66 1.18 1027 26.64 
75 12 12 1037 41.83 4.08 0.08 43,05 1.74 1041 44.08 
75 25 0 1092 57.29 4.18 0.11 45.08 2.66 1112 60.36 
87 0 12 1009 57.58 4.09 0.11 43.19 2.68 1067 60.67 
100 0 0 1011 72.97 4.25 0.14 42,73 3.39 1053 76.89 
^Fourteen groups of exact percentages (see Tables 7 and 9). 
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Full lactation 
Milk Fat Milk fat FCM 
(kg) % (ks) (kg) 
LSM SE LSM SE LSM SE LSM SE 
1078 327.89 4.08 0.19 47.01 14.76 1214 349.75 
1788 291.62 4.84 0.17 90.05 13.13 1991 311.06 
1621 138.88 4.40 0.08 71.47 6.25 1735 148.08 
1730 154.01 4.91 0.09 83.00 6.93 1983 164.27 
1774 140.55 4.57 0,08 79.72 6.33 1931 149.92 
2221 99.29 4.36 0.06 97.34 4.47 2331 105.90 
2203 219.26 4.69 0.13 102.62 9.87 2415 233.87 
2178 150.37 4.42 0.09 96.56 6.77 2311 160.39 
2325 198.92 4.29 0.12 100.40 8.95 2442 212.17 
2252 81.54 4.47 0.05 99.98 3.67 2404 86.98 
2077 134.97 4.39 • 0.08 90.30 6.07 2177 143.96 
2317 188.30 4.45 0.11 98.91 8.48 2435 200.85 
2548 199.56 4.40 0.12 111.54 8.98 2681 212.86 
2443 226.45 4.46 0.13 108.59 10.19 2592 241,54 
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percentage was also greater in late lactation than in the earlier 
part of lactation for all three parities. Milk fat depended on the 
amount of milk yield with higher milk yields generally associated 
with lower fat percentages. 
The least squares means for milk and fat-corrected milk for 100 
day and full lactation yield increased as percentages of European 
breeding increased-. FCM ranged from 952 kg for 0% European breeding 
to 1,849 kg for 50% European breeding and 2,815 kg for 100% European 
breeding in first parity (Table 37). Similar results were obtained in 
second and third parities; milk yield increased as European breeding 
increased (Tables 38 and 39). 
Ruvuna et al. (1984) found that when Brown Swiss were crossed 
with Tharparkar, Sahiwal and Sindhi, milk yield reached a maximum in 
third parity and then declined; however, purebred Tharparkar, Sahiwal 
and Sindhi milk yield increased up to second parity and then slightly 
declined. This result was similar to 0% European breed groups 
(Sindhi) in this study. For these Sindhi cows, milk yield gradually 
declined after the second parity (Tables 38 and 39). 
Milk and FCM for 100% European breed groups dropped in second 
parity and increased in third parity (Tables 37, 38 and 39), though 
these differences were not really large. Less milk yield in second 
parity probably was due to inadequate nutrition in the late stages of 
first lactation that carried over reducing milk yield in second parity. 
It is difficult to make a judgment which percentages of European breed 
groups is best for production alone beyond 50%. In this study, milk yield 
generally increased as European percentage increased. The least squares 
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means among 14 groups of exact percentages allow comparison of 50% 
India and Local breed groups while 50% European breeding is held constant. 
India breed groups yielded more than Local breed groups by 494 kg FCM 
in first parity (Table 40), 184 kg FCM in second parity (Table 41) and 
348 kg FCM in third parity (Table 42). At 75% European breed groups, 
India breed groups yielded more than Local breed groups by 347 kg FCM 
in first parity (Table 40), 156 kg FCM in second parity (Table 41) and 
31 kg FCM in third parity (Table 42), At 62% European and 37% Local 
breed groups, cows yielded more than 68% European, 26% India and 6% 
Local breed groups by 305 kg FCM in second parity (Table 41); both 
breed groups yielded almost equal in the third parity (Table 42). 
However, the former group yielded less than the later group by 142 kg 
FCM in first parity (Table 40). 
The least squares means showed differences between India and Local 
breed groups in milk yield were smaller as cows increased in age and 
even smaller when the percentages of European breeding reached between 
62 to 75%. Improving Local breed groups without using India breeding, 
by using European breeding alone required a higher percentage of 
European breeding in the crosses up to 75% to obtain milk yield nearly 
equivalent to the India breed groups. These results corresponded to 
the Local breed groups at the 75% European level which was shorter for 
all three parities; in the range of 1 to 2 months for calving age, 3 to 
32 days open and 3 to 32 days shorter calving interval than the India 
breed groups (Tables 34, 35 and 36). But, overall prenatal and post­
natal loss of calves for all 75% European breed groups was higher 
than 50% European breed groups (Madsen and Vinther, 1975). The 75% 
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European breed groups also calved 1 to 2 months later, had 10 to 16 
greater days open and 9 to 35 days longer calving intervals than 50% 
European breed groups in first, second and third parities (Tables 
32, 33 and 34). Nutrition requirements of 75% European breeding are 
higher than crosses (McDowell, 1984) and 75% European breeding 
also depends on better management to be successful (Buvanendran and 
Mahadevan, 1975). 
The lower milk yield of Local breed groups results from their being 
of the draft type; such cattle have not been selected for milking 
ability. Thus, milk yield could be increased more economically by 
importing bulls (Sahiwal or Red Sindhi) or semen from India in a dairy 
crossbreeding program in Thailand. Crosses to produce lower percentages 
of European breeding less than 75% could be exploited to cope with 
adaptability and simultaneously utilizing both reproduction and 
production efficiencies of the three breed groups of their crosses. 
To clearly establish the best percentage of European breed groups 
in this study requires more data collection to determine the cost of 
management, forage and nutritional inputs at each level of European 
breeding. All cows must be given the same environment (feeding and 
management). The number of cows should be equal or nearly so in each 
level of European breeding so that the statistical comparison among 
breed groups can be made without confounding. It was mentioned earlier 
that these data were not produced from a statistically designed experi­
ment to measure the differences among percentages of European breed 
groups. Based on the data currently available, the best percentage 
European breed groups can be estimated from both reproduction and 
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production data. Therefore, the optimum proportions of European 
breeding are probably between 37 to 62%. 
Conclusions 
The optimum proportion of European breeding for crossbred dairy 
cattle in this study is probably 37% to 62% for reproductive efficiency 
and adaptability. This seems to be corroborated considering postnatal 
mortality was lowest for halfbred European breeding, found by Madsen and 
Vinther (1975) in the previous analysis, and 37% to 62% European breeding 
were almost similar in mortality but above 50% European breeding. Abor­
tions were lowest for 50% European breeding but stillbirths were higher 
than 75% European breeding by 0.6%. Rende1 and Hickman (1978) also 
pointed out that within 3 years, the crossbreds would have produced 
twice as many first lactation daughters as the purebreds. 
From the practical point of view, animal breeders must select 
animals at a younger age to reduce the generation interval and make 
significant genetic progress per year. The results are based on this 
study and results from other work in the humid tropics. European 
breeding between 37% to 62% should be the most suitable for maximizing 
reproduction and production efficiencies in the government farms. 
However, when management is not as good, and the price of milk may not 
be stable, feed quality and quantity of concentrate and roughage might 
have to be reduced to maximize the profit. Considering both repro­
duction and production efficiencies, 50% European breeding is probably 
the most appropriate in this situation. 
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Model 2 
Model 2 was used to analyze the data for additive effects of 
European, India and Local breed groups as shown in Table 7. Heterozygotic 
effects of European x India (E x I) , European x Local (E x L) and India x 
Local (I L) breed groups in Figure 2 were also analyzed by Model 2, 
Results from the analysis of variance and least squares solutions are 
presented in Table 43. 
Calving year was significant (P < .01) and season effects were not. 
Least squares solutions from the regression of full lactation milk 
yield on fraction of breed group additive additive effects of European 
and India cattle were expressed as deviations from the Local breed 
group additive effects. 
Solutions for additive effects of European breed groups were 348 kg 
(P < .01) above the Local breed group additive effects. Breed group 
additive effects of India breed groups were -1,568 kg (P < .01) below 
the Local breed group additive effects. This result was not expected. 
India breed groups generally are thought to produce milk yield greater 
than or equal to Local breed groups. This result could be due to 
sampling variation or unrecognized confounding. 
Solutions for breed group heterozygotic effects of E x I, E x L, 
and I X L were 496 kg, -3,324 kg and -4,666 kg (P < .01), respectively. 
These results were again not expected, both because of the ranking of 
crosses and the magnitude of the negative heterozygotic effects for the 
E X L and I x L breed groups. Thus, full lactation milk yield was only 
one of production traits to show under Model 2. 
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Table 43. Least squares analysis, least squares solutions and 
standard errors for breed group additive and hetero-
zygotic effects for full lactation milk yield, Model 2 
Source and component 
Milk (kg) 
d.f. F-values 
Milk (kg) 
solutions 
Calving year 
Season 
Intercept 
European (E) additive' 
India (I) additive* 
Local (L) additive* 
E X I heterosis 
E X L heterosis 
I X L heterosis 
Error (MS) 
13 
2 
1 
1 
0 
1 
1 
1 
1,829 
6.7** 
0 . 2  
192.1** 
10.6** 
2 . 0  
0 . 1  
14.3** 
972,387 
2,190+ 842.8 
348+ 779.8 
•1,569+ 
0 
496+ 
857.6 
568.8 
•3,324+1,556.4 
•4,666+1,232.9 
Expressed as deviations from Local breed groups, 
**P < ,01, 
Model 3 
Breed additive and nonadditive genetic effects 
Results from the analysis of variance are presented in Tables 44, 
46 and 48. Least squares solutions and overall means of reproduction 
traits under Model 3 are shown in Tables 45, 47 and 49. Estimates of 
the percentage of heterosis for reproduction traits were computed by 
the following formula:. 
Heterosis (7.) - (Ifafi-itude of general heterosis ^ 
Average performance of cows 
adjusted to zero heterosis 
Table 44. Least squares analysis of variance for reproduction traits in first parity, Model 3 
F-values 
Age Is t Days Lactation Days Calving 
calving open leng th dry interval 
Source d. f. (mo. ) (days) (days) (days) (days) 
Calving year 13 34.8** 10,4** 6.4** 15.6** 10.6** 
Season 2 2.5+ 1.1 0.4 2.2 1.2 
European^ 1 12.0** 2.0 106.5** 71.1** 2.0 
India^ 1 6.0** 1,0 1.9 0.1 1.0 
Local 0 — — — — — 
General heterosis 1 1.6 15.0** 109.3** 13.9** 15.9** 
Error (MS) 1,441^-2,009 27 11,489 15,251 13,876 11,410 
Expressed as deviations from Local breed groups. 
Range degrees of freedom. 
< .10.  
**P < .01. 
Table 45. Mean, least squares solutions and standard errors for reproduction traits in first parity. 
Model 3 
Age 1st Lactation Calving 
calving Days open • length Days dry interval 
Component (mo.) (days) (days) (days) (days) 
Mean^ 32.2 166.2 271.9 150.5 • 446.0 
Intercept 42.0+1.6 124.6+39.9 109.4+41.0 269.7+43. 7 405,7+39.7 
European -6.3+1.5** 60.1+36,3 290.1+38.0** -192.7+39. 5** 59.9+3 ,1 
Indiab -2.8+1.1** 27.1+27.2 38.6+27.7 10.1+29. 5 27.0+27,1 
Local 0 0 0 0 0 
General heterosis -2.5+0.7 -25.9+15.3** 7.7+16.7** -48.7+16. 7** -27.1+15.2** 
Heterosis (%) -7.4 -14.1 2.9 -26.5 -5.8 
^Mean of the breed groups. 
Expressed as deviations from Local breed groups. 
**P < .01. 
Table 46. Least squares analysis of variance for reproduction traits in second parity. Model 3 
F-values 
Age 2nd Days Lactation Days Calving 
calving open length dry interval 
Source d. f. (mo.) (days) (days) (days) (days) 
Calving year 13 32.1** 7.2** 4. 5** 9.4** 6.8** 
Season 2 4.4* 0.9 0.8 0.9 1.2 
European^ 1 1.3 2.0 54.8** 86,9** 2.4 
India^ 1 4.1* 0.5 0.1 0.3 0.3 
Local 0 — — — — — 
General heterosis 1 16. 7** 8. 9** 47.8** 1.7 10.0** 
Error (MS) 907^-1,524 40 7,808 10,140 9,759 7,774 
^Expressed as deviations from Local breed groups. 
Range degrees of freedom, 
*P < .05. 
< ,01, 
Table 47. Mean, least squares solutions and standard errors for reproduction traits in second 
parity. Model 3 
Age 2nd Lactation Calving 
calving Days open length Days dry interval 
Component (mo, ) (days) (days) (days) (days) 
Mean^ 46.3 142.2 267.7 133.6 421.7 
Intercept 55.3+2.3 198.9+39.9 176.9+40.7 299.7+43.3 486.5+39.8 
European^ -4.8+2.1 -10.6+35.7 168.6+36.4** -209.4+39.0** -17.8+35.7 
Indiab -3.1+1.5* 19.1+26.6 -4.7+26.3 15.5+29.0 15.2+26,5 
Local 0 0 0 0 0 
General heterosis- -3.7+0.9** -44.0+14.8** 4.7+15.9** -80.1+16.2 -45,8+14,8** 
Heterosis (%) -7.6 -25.5 1.8 -42.4 -10.1 
^Mean of the breed groups. 
Expressed as deviations from Local breed groups. 
*P < .05. 
< .01. 
Table 48. Least squares analysis of variance for reproduction traits in third parity, Model 3 
F-values 
Age 3rd Days Lactation Days Calving 
calving open length dry interval 
Source d. f. (mo. ) (days) (days) (days) (days) 
Calving year 11 32.4** 1.5 9.6** 10.5** 1.5 
Seas on 2 6.2** 0.4 0.1 1.6 0.4 
European^ 1 1.0 2.4 26.0** 14.1** 2.4 
India^ 1 2.6 0.1 0.6 0.6 0.1 
Local 0 — — — — — 
General heterosis 1 11.2** 10.3** 23.7** 1.3 10.3** 
Error (>1S) 567^-909 43 11,285 8,497 11,326 11,284 
^Expressed as deviations from Local breed groups. 
^Range degrees of freedom. 
**P < .01. 
Table 49. Mean, least squares solutions and standard errors for reproduction traits in third parity. 
Model 3 
Age 3rd Lactation Calving 
calving Days open length Days dry interval 
Component (mo.) (days) (days) (days) (days) 
Mean^ 59.5 145.5 271.5 142.1 425.5 
Intercept 74.2+2.7 155.2+52.6 112.5+41.4 358.8+51.8 435.2+52.6 
European^ -5.0+2.7 42.1+51.2 163.4+41.6** -151.3+51.2** 42.1+51.2 
India'' -3.1+1.9 -6.8+38.2 23.3+29.6 -29.3+37.8 -6.8+38.2 
Local 0 0 0 0 0 
General heterosis -3.8+1.1** -33.9+20.6** 0,5+17.5** -69.2+20.9 -33.9+20.6** 
Heterosis (%) -6.1 -20.1 0.2 -17.0 -7.6 
^Mean of the breed groups. 
Expressed as deviations from Local breed groups. 
< .01. 
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where : 
1. Magnitude of general heterosis is obtained from the least 
squares solutions in the regression analysis (Tables 45, 
47 and 48). 
2. Average performance of cows adjust to zero heterosis = 
Mean of reproduction traits of cows - (Mean of general 
heterozygotic coefficient x Magnitude of general heterosis). 
2.1. Mean of reproduction traits of cows is obtained from 
the overall mean of the breed groups under Model 3. 
2.2. Mean of general heterozygotic coefficient is 0.69 and 
Example 1. Find the percentage of heterosis for age at first 
calving in Table 45. 
These procedures are also used in computing the percentages of 
heterosis of all production traits (Tables 51, 53 and 55). 
Age at calving 
Additive effects of European and India breed groups were deviated 
from additive effects of Local breed groups. Both breed group additive 
effects of European and India breeds for age at first calving were 
smaller than additive effects of Local breed groups by -6.3 months 
for European additive effects and -2.8 months for India additive 
is obtained from the computation under Table 10. 
Average age at first calving of cows 
adjusted to zero heterosis = 32.2 - 0.69(-2.5) 
Thus, % heterosis 
= 33.925 
= (33^225) ^  = -7.4% 
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effects (Table 45). 
General heterosis solution for age at first calving was -2.5 
months. The percentage of general heterosis was -7.4%. The magnitude 
of European additive effects was larger than the general heterozygotic 
effects (-6.3 months vs. -2,5 months). The magnitude of India additive 
effects was almost similar to general heterozygotic effects. Thus, 
European breed groups crossed to Local breed groups reduced age at 
first calving more than India breed groups. McDowell et al. (1976a) 
found heterosis percentage for age at puberty of crossbreds between 
European and Sindhi breeds was -18.7% for 1/4 European, -19.6% for 1/2 
European and -16.7% for 3/4 European. McDowell (1984) reported 
the average heterosis for age at first calving for European x Zebu 
breeds was -8.0%. 
Age at first calving of Local breed groups of exact percentage 
was smaller by 1 month than India breed groups (Table 34). However, 
India breed group additive effects were smaller by 2.8 months than 
Local breed group additive effects. This suggested that feeding, 
management and other environmental effects for raising India purebred 
cattle groups reduced age at first calving more than Local purebreds. 
For the crossbred combinations of European, India and Local breed 
groups, probably the Local breed groups could be reduced more in 
age at first calving than the India breed groups. 
Similar results were found in second and third parities. Addi­
tive effects of European and India breed groups were smaller than 
additive effects of the Local breed groups (Tables 47 and 49). The 
percentage of general heterosis for age of calving in second 
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parity was higher than first and third parities (Tables 45, 47 and 
49). 
Days open 
Both breed group additive effects of European and India cattle were 
larger than Local breed group additive effects by 60.1 days for 
European additive effects and 27.1 days for India additive effects 
in first parity (Table 45). 
The magnitude of general heterosis for days open was -25.9 days 
(P < .01). The percentage of general heterosis was -14.1%. Rincon 
et al. (1982) found the average heterosis for days open among Ayrshire, 
Holstein and Brown Swiss crosses was -15.8%. Badinga et al. (1985) 
reported the conception rates of dairy cattle was 45% for Jerseys, 
39% for Hols teins and 41% for Brown Swiss. Conception rates of 
lacfrating cows decreased sharply when the maximum temperature on 
the day after insemination exceeded 30°C. Conception rates for 
heifers did not decline until 35°C. Virgin heifers had higher 
conception rates for all services (50%) than lactating cows (34%). 
Additive effects of European breed groups for days open were 
smaller than additive effects of Local breed groups in second parity 
(Table 47) and larger than additive effects of Local breed groups in 
third parity (Table 49). India breed group additive effects were 
larger than Local breed group additive effects in second parity 
(Table 47) and smaller than Local breed"group additive effects in 
third parity (Table 49). The standard errors for days open were all 
large. 
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The percentage of .general heterosis in second and third parity 
were greater than first parity (Tables 45, 47 and 49). 
Lactation length 
Additive effects of European breed groups were larger than the 
Local breed group additive effects by 290.1 days (P < .01), India breed 
group additive effects of lactation length were also longer than the 
Local breed group additive effects by 38.6 days in first parity (Table 
45). 
General heterosis solution for lactation length was 7.7 days 
(P < .01) in first parity. The percentage of general heterosis was 2.9%. 
An estimate of heterosis for Brown Swiss-Sahiwal crosses in India 
was -15.3% (McDowell, 1984). McDowell (1983) reported the average 
heterosis of lactation length among Ayrshire, Brown Swiss, Holstein and 
Jersey crosses was 1.0%, 
The magnitude of lactation length of European breed group addi­
tive effects was tremendously greater than the general heterozygotic 
effects (290.1 vs. 7.7 days). India breed group additive effects 
were also larger than the general heterozygotic effects (38.6 vs. 
7.7 days). This suggests that the results from increasing length 
of lactation in crossbreeding among European, India and Local breed 
groups were mostly contributed by additive genetic effects of European 
breed groups. 
Additive effects of European breed groups were greater than additive 
effects of Local breed groups (P < .01) in second and third parities 
(Tables 47 and 49). Additive effects of India breed groups were 
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smaller than additive effects of Local breed groups in second parity 
(Table 47) and larger than additive effects of Local breed groups in 
third parity (Table 49). 
The percentage of general heterosis declined in second and third 
parities as compared to first parity (Tables 45, 47 and 49). 
Days d^ 
Additive effects of European breed groups for days dry were- shorter 
than Local breed group additive effects by -192.7 days (P < .01). 
However, India breed group additive effects were slightly longer than 
Local breed group additive effects by 10.1 days in first parity (Table 
45). 
General heterozygotic effects solution for days dry was -48.7 
days (P < .01). The percentage of general heterosis was -26.5%. 
McDowell et al. (1976a) found the percentage of heterosis of days 
dry for European-Sindhi crosses was -6.6% for 1/4 European, -4.8% 
for 1/2 European and -14.8% for 3/4 European. Parmar and Dev (1978) 
reported the percentage of heterosis for days dry between Holstein x 
Sahiwal in India was -33.5%. 
Additive effects of European breed groups for days open in second 
parity were smaller than additive effects of Local breed groups 
(P < .01) in second parity (Table 47) and in third parity (Table 49). 
Additive effects of India breed groups for days open in second parity 
were larger than additive effects of Local breed groups (Table 47) 
and smaller than additive effects of Local breed groups in third 
parity (Table 49). 
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The percentage of general heterosis for days dry in second parity 
(Table 47) was larger than first parity (Table 45) and third parity 
(Table 47). 
Calving interval 
Additive effects of European and India breed groups showed they 
had longer calving intervals than for additive effects of Local breed 
groups by 59.9 days for European additive effects and 27 days for 
India additive effects in first parity (Table 45). 
General heterosis solution for calving interval was -27.1 days 
(P < .01). The percentage of general heterosis was -5.8%. Parmar 
and Dev (1978) found the percentage of heterosis for first calving 
interval for Holstein x Sahiwal in India was -11.0%. McDowell (1984) 
reported the average heterosis for calving interval for European x 
Zebu breeds in India was -7.5%. 
The magnitude of breed group additive effects of European and 
India was positive. This suggested that both European and India 
breed group additive effects would not reduce calving interval. 
However, the reduction in calving interval by -27.1 days is expected 
due to heterosis in crossbreds of the three groups. 
Additive effects of European and India breed groups were not 
important for calving interval in second and third parities (Tables 47 
and 49). The general heterosis solutions were important (P < .01) 
for both second and third parities (Tables 47 and 49). The percentage 
of general heterosis for calving interval in second parity (Table 47) 
was larger than in first parity (Table 45) and third parity (Table 49). 
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Milk yield 
Results from the analysis of variance in first, second and third 
parities are presented in Tables 50, 52 and 54. Least squares solutions 
and overall means of production traits under Model 3 are shown in Tables 
51, 53 and 55. Additive effects of European and India breed groups 
were deviated from additive effects of Local breed groups. 
Additive effects of European breed groups for milk yield, milk 
fat and FCM for 100 day and full lactation yield were larger than 
additive effects of Local breed groups for all three parities (Tables 
51, 53 and 55). These deviations were significant (P < .01). Additive 
effects of European breed groups for milk yield, milk fat and FCM 
for 100 day and full lactation yield were also greater than additive 
effects of India breed groups. However, the percentages of fat for 
additive effects of European breed groups were smaller than additive 
effects of Local breed groups for all three parities (Tables 51, 53 and 
55). The magnitudes of additive effects of European breed groups were 
several times larger than the magnitude of general heterosis for all 
production traits in first, second and third parities except the 
percentage of fat. McDowell (1982, 1983) pointed out from the results 
of the crossbreeding dairy cattle project. Southern Cooperative Research, 
USA, that breed additive effects of the purebred crosses among Holstein, 
Brown Swiss and Jersey might be greater by two or more times than the 
magnitude of heterotic effects. He also suggested that selection of 
parents for the crossbreeding can be more important than any other 
system of breeding. Gregory et al. (1982) pointed out that the 
majority of the increase in production traits in cattle through an 
Table 50. Least squares analysis from production traits in first parity. Model 3 
100 day Full lactation 
Milk Fat Milk FCM Milk Fat Milk . FCM 
(kg) 7o fat (kg) (kg) % fat (kg) 
Source d. f. (kg) (kg) 
Calving year 13 12.2** 7.39** 10.4** 13.5** 6. 7** 13.9** 7.7** 7.4** 
Season 2 1.1 1.0 1.0 0.6 0.2 1.7 0.3 0.2 
European® 1 12. 1** 0.3 59.0** 25.7** 98.5** 3.7* 86. 8** 88.5** 
India* 1 98.0** 13.8** 3.3+ 6. 1** 11.3** 14.4** 7.0** 7.8** 
Local 0 — — — — — — — — 
General heterosis 1 41.8** 63.5** 9.5** 88.8** 92.4** 32,3** 71.4** 80.0** 
Error (MS) 1,849^-1,852 74,412 0.5 158 78,761 979,558 0.5 2,140 1,178,675 
Q 
Expressed as deviations from Local breed groups. oo 
^Range of degrees of freedom. 
"^P < .10. 
*P < .05. 
< .01. 
Table 51. Mean, least squares solutions and standard errors for 
production traits in first parity. Model 3 
100 day 
Component 
Milk 
(kg) 
Fat 
% 
Milk fat 
(kg) 
FCM 
(kg) 
Mean^ 705.3 4.4 30.6 738.9 
Intercept 102.9+90. 0 5.1+0. 2 12.4+4.2 262.4+92.6 
European^ 761.3+85. 7** -0.8+0. 7 24.5+4.0** 687.6+88.2** 
India^ 222.1+63. 5** -0.6+0. 2** 5.8+2.9"^ 161.6+65.3** 
Local 0 0 0 0 
General heterosis 114.1+37. 4** 0.5+0. 1** 6.1+1.7+ 135.5+38.4** 
Heterosis (%) 18.2 12.3 23.1 21.0 
^ean of the breed groups. 
Expressed as deviations from Local breed groups. 
< .10. 
*P < .05. 
< .01.  
Full lactation 
Milk Fat Milk fat FCM 
(kg) % (kg) (kg) 
1,731.2 4.7 80.4' 1,896.5 
-220.3+332,8 5 .1+0.2 1.3+15.6 -5.3+365.1 
2,734.8+309.7** -0 .4+0.2* 114.3+14.5** 2,739.3+339.7** 
768.5+228.5** -0 .6+0.2** 28.3+10.7** 700.1+250.7** 
0 0 0 0 
127.3+135.4** 0 .4+0.1*^; 7.5+ 6.3** 139.4+148.5** 
7.7 9.0 10.0 7.7 
Table 52. Least squares analysis from production traits in second parity, Model 3 
100 day Full lactation 
Milk Fat Milk FCM Milk Fat Milk FCM 
(kg) 7o fat (kg) (kg) % fat (kg) 
Source d. f. (kg) (kg) 
Calving year 13 15.5** 10.3** 11.0** 12.4** 8.6** 13. 7*-t 5,9** 6, 9** 
Season 2 3. 9* 1.5 3.5* 3.5* 1.9 2.6+ 2,6+ 2.2+ 
European® 1 33.6** 7.4** 33.0** 37.7** 54.0** 2.8+ 42.3** 53.2** 
India^ 1 24.9** 13.5** 9. 7** 10.8** 3. 6** 26.3** 0.8 0.7 
Local 0 — — — — — — — — 
General heterosis 1 4.0* 7.9** 0.5 1.8 41.3** 2.8+ 40,6** 35.0** 
Error (MS) 1,209^-1,270 95,579 0.5 • 177 104,194 850,348 0.4 2,051 1,000,156 
a 
Expressed as deviations from Local breed groups. •"* 
^Range degrees of freedom. 
"^ P < .10. 
C .05. 
< .01. 
Table 53. Mean, least squares solutions and standard errors for 
production traits in second parity. Model 3 
Component 
Milk 
(kg) 
100 day 
Fat 
% 
Milk fat 
(kg) 
FCM 
(kg) 
Mean" 
Intercept 
European^ 
India^ 
Local 
General heterosis 
Heterosis (%) 
920.2 4.3 39.1 956,0 
106.5+122.4 5.6+0.3 13.4+5.3 277.6+127.8 
847.0+112.5** -1.1+0.2** 29.3+4.8** 754.6+117.5* 
408.9+ 82.0** -0.7+0.2** 11.0+3.5** 281,7+ 85.6* 
0 0 0 0 
168.7+48.4* -0,1+0,1** 8.4+2.1 196,9+50,6 
2I7O -2,3 25,2 24,0 
^ean of the breed groups, 
^Expressed as deviations from Local breed groups, 
< ,10, 
*P < ,05. 
**P < =01. 
Full lactation 
Milk Fat Milk fat • FCM 
(kg) % (kg) (kg) 
1,971.4 4.6 89.2 2,108.8 
273.5+375.8 5.7+0.3 31.1+18.5 612.1+407.6 
2,108.5+340.3** -1.1+0.2+ 81.6+16.7** 1,966.3+369.0** 
469.1+245.8** -0.8+0.2** 10.8+12.1 218.1+266.6 
0 0 0 0 
143.2+149.1** -0.1+0.1+ 1.9+7.3** 178.8+161.7** 
7.6 -2.1 2.2 9.0 
Table 54. Least squares analysis from production traits in third parity, Model 3 
100 day Full lactation 
Milk Fat Milk FCM Milk Fat Milk FCM 
(kg) % fat (kg) (kg) 7o fat (kg) 
Source d.f. (kg) (kg) 
Calving year 11 17.7** 5.4** 9,6** 13.2** 15.9** 5. 7** 12.8** 14.7** 
Season 2 0.4 0.3 0.7 0.6 0.2 2.9+ 0.2 0.2 
European^ 1 38.3** 0.8 30.1** 34.8** 31.4** 0.1 28.1** 28.1** 
India^ 1 7. 3** 5.5* 3.0+ 4.3* 4.5* 20.8** 1.0 1.5 
Local 0 — — — — — — — — 
General heterosis 1 3.4+ 16.1** 12.3** 8.8** 13.4** 3.2+ 10.1** 11.2** 
Error (MS) 707^-737 94,054 0.3 193 101,998 850,602 0.3 1,736 969,367 
Q k/1 
Expressed as deviations from Local breed groups. -C' 
^Range degrees of freedom. 
< .10. 
*P < .05. 
**P < .01. 
Table 55. Mean, least squares solutions and standard errors for 
production traits in third parity. Model 3 
100 day 
Component 
Milk 
(kg) 
Fat 
% 
Milk fat 
(kg) 
FCM 
.(kg) 
Mean^ 1,048.1 4.2 43.7 1,072.4 
Intercept 53,3+139. 0 4 ,8+0, 3 5.8+6,3 123.3+144. ,7 
European^ 849.0+139. 5** -0 .6+0, 3 31,0+6,3** 786.6+145. , 2""' 
Indiab 267,3+ 98, 7*Yf -0 ,4+0, 2* 7.8+4,4+ 213.1+102. ,8* 
Local 0 0 0 0 
General heterosis 355,4+ 59, 3' 0 .2+0. IVc* 17,6+2,7** 399.8+ 61. 7** 
Heterosis (%) 44.3 4.9 55.8 50.2 
^ean of the breed groups, 
Expressed as deviations from Local breed groups. 
< .10.  
*P < .05. 
**P < .01. 
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Full lactation 
Milk Fat Milk fat FCM 
(kg) % (kg) (kg) 
2,201.4 4.4 96.8 2,340.3 
-59.5+427.1 ' 5 .3+0, .3 15.3+19,3 313,1+455.9 
2,260.0+428.5** -0 ,9+0, .3 81.9+19.4** 2,007,5+459,5** 
647.3+303.7* -0, .8+0. ,2** 13.9+13.7 396.0+324,2 
0 0 0 0 
275.3+181.3** 0, .1+0, ,1+ 12.0+ 8.2** 286.6+193.6** 
13,7 2.3 13.6 12.5 
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optimum additive genetic composition is likely greater than the dif­
ferences in heterosis between crosses of Bos indicus x Bos taurus 
breeds relative to crosses among Bos taurus breeds. 
Additive effects of India breed groups for milk yield, milk 
fat and FCM for 100 day and full lactation yield were greater than 
additive effects of Local breed groups in all three parities (Tables 
51, 53 and 55). The magnitude of India breed groups for 100 day of 
milk yield, milk fat and FCM were greater than the magnitude of general 
heterosis in first parity (Table 51) except for milk fat. However, ad­
ditive effects of India breed groups of these three production traits 
for 100 day were all larger than general heterosis in second parity 
(Table 53), but all were smaller than general heterosis in third parity 
(Table 55). The magnitude of additive effects of India breed groups 
for 100 day and full lactation yield of percentage of fat tended to 
be larger than general heterosis, but negative in sign for all three 
parities, 
The percentages of general heterosis of production traits for 
100 day and full lactation yield increased as parity increased (Tables 
51, 53 and 55), except fat percentage in second parity (Table 53). 
The percentages of general heterosis of production traits were larger 
in the early stages of lactation than the full lactation yield for all 
three parities (Tables 51, 53 and 55), except fat percentage in second 
parity (Table 53). In general, heterosis is expected to be less for 
highly heritable traits, like the percentage of fat. 
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Cone lusions 
European breed group additive effects contributed more in the 
crosses of both reproduction and production traits in the desirable 
economic direction than India and Local breed group additive effects. 
For instance, reduced age at first calving, longer lactation length, 
shorter for days dry and higher milk yield, milk fat and FCM for 
both 100 day and full lactation yield for all three parities. 
European breed group additive effects, however, were longer for 
days open, calving interval in first and third parities than India 
and Local breed group additive effects, but not significantly so, 
European breed group additive effects tended to be smaller for the 
percentage of fat than India and Local breed group additive effects. 
Additive effects of India breed groups were important for 
shorter age at calving, higher milk yield, milk fat and FCM for 100 
day and full lactation yield except milk yield and FCM for full lacta­
tion yield in second and third parities. Additive effects of India 
breed groups reduced percentage of fat for both 100 day and full 
lactation yield in all three parities. 
General heterosis was generally important for reproduction traits 
for all three parities except age at first calving and days dry in second 
and third parities. General heterosis of production traits were im­
portant for all three parities except milk fat and FCM in second 
parity. 
Therefore, selection among the breeds to be parents were im­
portant for the simultaneous utilization of additive effects for both 
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reproduction and production traits and obtaining heterosis in the cross­
breeding systems. 
Model 4 
Results from the analysis of variance and least squares solutions 
are presented in Table 56. Breed group effects of the straightbreds 
European (E x E), India (I x I) and Local (L x L) and crossbreds 
European x India (E x I) and European x Local (E x L) for full lacta­
tion yield in first parity were deviated from breed group effects 
of crossbreds India x Local (I x L). 
Calving year and all breed groups of the straightbreds and cross­
breds were significant (P < .01). All the straightbreds and cross­
breds ranked differently. The highest milk yield was for Local straight­
breds (L X L). The breed groups of the straightbreds and crossbreds 
of E X E, E X I, E X L, I x I and I x L were the second, third, fourth, 
fifth and sixth ranks, respectively. The ranked differences among the 
straightbreds and crossbreds is not consistent with other results from 
these data and from the literature. Also, the magnitude of the solutions 
were unreliable. 
Breed groups of the straightbred and crossbred coefficients 
were confounded among themselves and year-season. Thus, full lactation 
yield was shown only by one trait in Table 56 under Model 4. 
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Table 56. Least squares analysis of variance and least squares 
solutions and standard errors for breed group homozygotic 
and heterozygotic effects for full lactation milk yield 
for first lactation, Model 4 
Source and component d.f. 
Milk (kg) 
F-values 
Milk (kg) 
solutions 
Rank 
No. 
Calving year 13 6.8** — — 
Season 2 0.2 
Intercept — — -492.7± 276.7 — 
European (E x E) 1 144.9** 2,846.1+ 232.9 2 
India (I x I)^ 1 7.8** 1,125.5+ 295.4 5 
Local (L X L)^ 1 9.1** 9,857.1+2,472.4 1 
E X 1 20.4** 2,177.4+ 260.8 3 
E X L& 1 50.1** 1,805.3+ 255.0 4 
I X L^ 1 — 0 6 
Error (MS) 1,929 966,183 
^Expressed as deviations from crossbreds of India x Local (I x L) 
breed groups, 
**P < .01. 
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SUMMARY 
Data for 10 breeds of cattle and their crosses in this study was 
obtained from the Thai-Danish Farm, Thailand. The breeds and their 
crosses were composed of Red Danish, Brown Swiss, Jersey, Holstein, 
Red Sindhi, Sahiwal, India Milch, Zebu, Native and Brahman. 
These data were not produced from a designed crossbreeding experi­
ment, so substantial confounding existed between breeds, their crosses 
and time periods. It was necessary to pool these data, which were 
similar to field data, for crosses to improve the majority of Native 
breeds of dairy cattle in Thailand. Thus, the 10 breeds were grouped 
into three breed groups. They were European breeds (Red Danish, Brown 
Swiss, Jersey and Holstein) for the first group, India breeds (Red 
Sindhi, Sahiwal and India Milch) as the second group and Local breeds 
(Zebu, Native and Brahman) were the last group. Comparisons for 
reproduction and production traits among breed groups and their crosses 
were analyzed by least squares for unequal subclasses. 
The best reproductive and productive efficiencies of crossbreeding 
dairy cattle between European and tropical breeds in this study is 
in the range of 37% to 62% European breeding; however, 50% European 
breeding seems to be the best for reproductive fitness. For these 
breed groups and their crosses, milk yield increased as genes from 
European breeding increased. However, as the proportions of European 
breeding exceeded 62%, reproductive efficiency and their adaptability 
were reduced. 
It is quite difficult to draw definite conclusions on an economic 
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basis as to which European proportion is best from the results of 
these analyses. Income over feed cost and management costs from 
each level of European breeding is needed to make definitive economic 
conclusions. Environment limits the expression of both reproduction 
and production traits in European crosses with tropical breeds in the 
humid tropics. The optimum proportions of European breeding in this 
study appeared to be between 37% to 62% for the Thai-Danish Dairy 
Farm. Also, selecting cows at younger ages increases genetic progress 
per year by reducing generation interval. This optimum proportion 
also reduces generation interval. Considering feed resources, manage­
ment practices and prices of milk for the farmers who will begin dairy 
farming in Thailand, crossbreeding of 50% European breeding would 
probably be the maximum proportion for utilizing both reproductive 
and productive efficiencies. 
Additive effects of European breed groups for reproduction and 
production traits were generally larger than the magnitude of ad­
ditive effects of India and Local breed groups. Also, additive ef­
fects were larger than general heterosis in the desirable economic 
direction for all three parities, except percentage of fat. Additive 
effects of India breed groups were mostly larger than the magnitude of 
additive effects of Local breed groups for all reproduction and 
production traits for all three parities and in the desirable economic 
direction. Percentage of fat for all three parities was an exception. 
The magnitude of additive effects of the India breed groups were not 
always larger in the desirable economic direction compared to the 
magnitude of the general heterosis for all three parities. 
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Heterosis was generally important for all reproduction and production 
traits in all three parities. The percentages of general heterosis 
for reproduction traits in the second parity tended to be slightly 
larger than the first and third parities. The percentages of general 
heterosis, however, for production traits in the third parity were all 
greater than first and second parities. 
Therefore, additive effects are the most important in planning 
crossbreeding projects. This requires putting more emphasis on selection 
of European parents to be mated to the tropical breeds. For cross­
breeding, the optimum proportion of European breeding is between 37% 
to 62%. These percentages are the most desirable for simultaneously 
utilizing both reproductive and productive efficiencies from the addi­
tive and heterotic effects for developing a new breed. The development 
of a new breed of dairy cattle in the humid tropics, however, requires 
large numbers of crossbred cattle for selection of the parents to pro­
duce the next generation to make the significant genetic improvement. 
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